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ABSTRACT 
Approximately 163 meters (535 feet) of the Paleocene 
Sentinel Butte Formation crop out in south~central Williams 
county, North Dakota. To determine their mode of deposition 
and stratigraphic position within the formation, twelve 
stratigraphic sections were measured. These strata were 
deposited in alternating fluvial and lacustrine environments 
as determined by sedimentary structures, lithology, 
lithologic sequences, and fossil occurrences. A fining-
upward trend in grain size of the tabular sandstones, and 
the identification of epsilon cross-stratification in the 
tabular sandstones support a fluvial origin for some of the 
strata. The strongest evidence for the interpretation of 
lacustrine deposition is the presence of limestone bodies 
within these strata. Examination of thin sections taken 
from some of the limestones revealed a primary mode of 
origin for the CaC03 • Additional evidence for lacustrine 
deposition is the presence of thin lignitic layers directly 
overlying strata lacking root traces. 
The identification of the "upper sand" of the Sentinel 
Butte Formation within the uppermost exposures of this area, 
and the presence of the Sentinel Butte tuff marker unit in 
xii 
the region just south of the study area suggests that the 
upper 3/4 of the Sentinel Butte Formation is exposed in this 
area. Projection of the Bullion Creek-Sentinel Butte 
formational contact from a region to the east suggests that 
the maximun thickness of the Sentinel Butte Formation may be 
nearly 26 meters thicker than previously estimated. 
Paleocurrent data from this area indicate a SSW flow 
direction. This information, combined with data from 
earlier studies, suggests that the source area for these 
sediments was not the Powder River Basin. Examination of 
the thicknesses of various lignite beds in the Nessen 
Anticline area does not reveal if the anticline served as a 
diversionary barier during the deposition of these strata. 
It is possible that the development of the anticline was 
more influential during late Sentinel Butte time. 
xiii 
INTRODUCTION 
Purpose 
The main goal of this study was to examine a portion 
of the Sentinel Butte Formation in a well-exposed location, 
removed from the more traditional Little Missouri River 
drainage study area. The study was directed towards 
deciphering the depositional environmenti and history of 
these strata, and determining which stratigraphic interval 
of the Sentinel Butte Formation is exposed. This area was 
chosen because of its location and topographic relief. 
General 
The sentinel Butte Formation is a poorly consolidated 
nonmarine Paleocene unit within the Williston Basin of North 
Dakota. It is composed primarily of fine-grained elastic 
rocks ranging from claystones to medium-grained sandstones, 
with lesser amounts of limestone and lignite.· The Sentinel 
Butte Formation is most extensively exposed within the 
Little Missouri River valley in Billings and McKenzie 
Counties of North Dakota (Fig-; 1). The unit ranges in 
thickness from approximately 50 meters ( lfi4 feet) near the 
margin of the Williston Basin to nearly 200 meters (650 
feet) in the center of the basin (Royse, 1967a). 
1 
I 
2 
Figure 1 Geologic map of Sentinel Butte and post-sentinel 
Butte bedrock in western North Dakota. Modified 
from Bluemle {1982) . 
• Post-Sentinel Butte bedrock (undifferentiated) 
Sentinel Butte Formation 
* = study area 
** = Theodore Roosevelt National Park,, North Unit 
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The Sentinel Butte Formation is underlain by the 
nonmarine Paleocene Bullion Creek Formation (Tongue River 
Member by U.S. Geological survey definition) and overlain by 
the nonmarine, Upper Paleocene-Lower Eocene Golden Valley 
Formation (Fig. 2). 
study Area 
The study area is located along the Missouri River, 
in a heavily stream-dissected portion of south-central 
Williams County, North Dakota (Fig. 3). The area is 
situated in the southern portion of T. 153 N. and R. 99 W., 
and is located on the United States Geological Survey 7.5-
minute Lake Jessie, North Dakota quadrangle. The North Unit 
of Theodore Roosevelt National Park is approximately 53 km 
(33 miles) to the south. 
Approximately 163 meters (535 feet) of strata are 
exposed in this area. Due to the unusually low pool level 
of Lake Sakakawea, strata normally covered by water were 
... available for study. The Geologic Map of. ~orth · Dakota 
(Clayton and others, 1980) indicates that the exposures in 
this area are part of the Paleocene Sentinel Butte 
Formation. 
Methods 
Twelve sections were measured using a hand level and 
Jacob's staff. The locations of the measured sections were 
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selected based on the completeness and accessibility of the 
outcrop. Distinct lithologic beds or units were defined 
when greater than 10 cm thick, or less if the unit conveyed 
a'particularly important piece of information such as the 
presence of a lignite or well lithified horizon. 
Paleocurrent data were collected from various types of 
crossbedding when the bedding features were distinctive 
enough to identify a flow direction. 
The stratigraphic position of this portion of the 
Sentinel Butte Formation was determined by assembling 
stratigraphic data collected by earlier workers and 
comparing it to that which was collected during this study. 
Correlating key lignite and marker beds allowed for the 
estimation of stratigraphic position. 
Seven thin-sections, four taken from sandstone 
samples and three from limestone samples, were examined. 
The sandstone thin sections were point counted (500 points 
each) in an effort to establish whether the uppermost 
sandstone unit in the field area is correlative with the 
"upper sand" of Royse (1967a}. The limestone sections were 
examined in the hopes of determining the origin (primary or 
secondary) of some of the limestone deposits contained in 
these exposures. 
- ~- -~------------, 
PREVIOUS STUDIES 
Previous investigations of the Sentinel Butte strata 
can be divided- into stratigraphic and sedimentologic 
studies. The majority of these investigations dealt with 
the stratigraphic characteristics of the unit, and only in 
the last 25 years has the main focus shifted to 
sedimentologic studies. 
Stratigraphy 
The history of the names applied to this 
stratigraphic interval is very complex and a detailed survey 
of the literature is beyond the scope of this study. Royse 
(1967a, p. 64) expressed the complexity of the situation 
best when he stated: 
In any penetrating study of early Tertiary 
continental deposits of the western interior, 
the geologist will find himself drawn into a 
voluminous literature full of nomenclatorial 
ambiguity and uncertainty. Few stratigraphic 
intervals in the United States have been 
subject to greater argument, debate, and 
disagreement than has the late Cretaceous-
early Tertiary continental sequence of the 
western interior. The roots of controversy 
extend backward in time to the first 
comprehensive geological studies by the 
Territorial Surveys; duplication and confusion 
accompany and characterize the history of 
subsequent study. 
8 
9 
Royse provided a summary of the stratigraphic 
nomenclature associated with the Paleocene strata of North 
Dakota. Figure 4 illustrates an abridged history of the 
stratigraphic nomenclature pertaining to the Paleocene units 
of western North Dakota .. 
The Fort Union Group was first named by Meek and 
Hayden (1862, p. 433) in their descripti~~i of the Tertiary 
coal-bearing strata of the northern Great Plains near 
Buford, North Dakota. Coal survey work in the early 1900's 
prompted the division of the Fort Union strata. Leonard 
(1908) divided the Fort union strata of southwestern North 
Dakota (which, at the time, were treated as a formation) 
into three members. The upper member, defined on the basis 
of its dark gray, somber color and associated lignite, was 
referred to as the Sentinel Butte coal group. Leonard and 
Smith (1909) also used this terminology in their bipartite 
division of the Fort Union strata. By 1924 these somber 
beds were being referred to as the Sentinel Butte shale 
member of the Fort Union Formation (Thom and Dobbin, 1924). 
It is unclear when this change in terminology actually 
occurred. In the late 1930's the U.S. Geological Survey 
began to refer to these somber beds as the Sentinel Butte 
Member of the Fort Union Formation, a practice which 
continues today. Royse (1967a) concluded that the Sentinel 
Butte was extensive and distinctive enough to be elevated to 
·formational rank. Figure 2 illustrates the stratigraphic 
Figure 4 
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Nomenclatural History 
Paleocene 
1 - Clayton and others (1977) 
fort Union Group 
Ludlow Slope Bullion Creek Sentinel Butte 
Fm. Cannon- Fm. Formation Formation 
ball Fm. 
2 - Hickey (1966) 
Fort Union Group 
Cannonball and Tongue River Sentinel Butte 
Ludlow Formation Formation 
Formations 
3 - Benson and Laird (1947) 
Fort Union Group 
Cannonba l l and Tongue River Formation 
Ludlow 
Formations Lower Member !sentinel Butte Mbr. 
4 - Thom and Dobbin (1924) 
.. 
Lance Formation Fort Union Fm. ~asatch Formation 
Hell Cannonball and Tongue River Sentinel Butte 
Creek Ludlow Member Shale Member 
Mbr. Members 
5 - Leonard (1908> 
Fort Union Formation 
tower member Middle member Upper member 
6 · Meek and Hayden (1862) 
Fort Uni on "Gr o u p11 
Golden 
Valley 
Fm. 
Golden 
Valley 
Fm. 
Golden 
Valley 
Fm. 
Un· 
named 
Un· 
named 
Nomenclatural history of the Fort Union Group 
strata in western.North Dakota. 
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conventions used by the U.S. Geological Survey and the North 
Dakota Geological Survey. The convention employed by the 
North Dakota Geological Survey will be used in this study. 
sedimentary studies 
Sedimentological studies of the Sentinel Butte 
Formation did not begin until the 1960's. Clark (1966) 
studied the Sentinel Butte strata near the North Unit of 
Theodore Roosevelt National Park. The first comprehensive 
sedimentologic study was done by Royse (1967a). It was 
information from this study which led to the forrnational 
rank of the Sentinel Butte strata and the criteria for 
distinguishing the Sentinel Butte from the underlying 
Bullion Creek Formation. 
A number of subsequent studies were done with 
emphasis on sedimentology, and interpretation of 
depositional environment. The most common environmental 
interpretation is that of fluvial deposition, (Cherven, 
1973; ·Johnson, 1973; Nesemeier, 1981), while others have 
suggested a fluvial-lacustrine environment (Clark, 1966; 
Kulland, 1975; Wallick, 1984)~ Winczewski (1982) provided a 
brief summary of the interpretive studies on the Sentinel 
Butte Formation. 
The l!lajority of these earlier .studies were focused on 
the outcrops along the Little Missouri River, in or near the 
North and South Units of Theodore Roosevelt National Park. 
12 
The location of the current study area is approximately 33 
miles (53 km) north of the North Unit. 
Some earlier studies dealt in part with the current 
study area. Collier (1919) u~ed_the major lignite beds in 
southeastern Williams County and southwestern Mountrail 
county to define the Nesson anticline. He referred to the 
· strata as the "Eocene Fort Union formation." studies of 
this area were not reported again until Royse (1967a) mapped 
the exposures in southern Williams County as the Sentinel 
Butte and Tongue River Formations. Freers (1970) provided 
additional detail when he identified the Bullion Creek-
Sentinel Butte formational contact along the Missouri River 
in the easternmost outcrops of Williams County and 
westernmost outcrops of McKenzie County. Spencer (1978) 
mapped the major lignite beds in and around the study area 
in his study of the lignite resources of south-central 
Williams County. 
LITHOLOGIC DESCRIPTIONS 
The distinction between various lithologies of the 
Sentinel Butte Formation in the field is difficult and very 
subjective. This is due mainly to the fine grain size and 
degree of weathering. Other than the more obvious lignites 
and limestones, the majority of the lithologies examined in 
the field appeared to be silt to very fine-grained sand. In 
spite of these difficulties, an attempt was made to classify 
each lithology in a measured section. The thickness and 
description of the identified units in each measured section 
is provided in the appendix. 
The lithologies were divided into five major 
lithologic types; sandstone, siltstone, claystone, lignite, 
and limestone. Modifiers were added to these major 
categories where the interpretation seemed appropriate. 
Sedimentary structures were classified using a 
combination of schemes modified after McKee and Weir (1953) 
and Allen (1963). Cross-stratification features were 
divided into three size classes based on set thickness. 
Sets thinner than one centimeter were termed ripple cross-
lamination, sets between one and five centimeters thick were 
termed small-scale crossbedding and those sets greater than 
five centimeters thick were called large-scale crossbedding 
13 
----~-------------, 
14 
(Table 1). The small-scale crossbedding. was further divided 
into.trough crossbedding and climbing-ripple crossbedding. 
The large-scale crossbedding was divided into trough and 
planar crossbedding. Where the bedding was composed of thin 
( < 1 cm) parallel laminations the term planar lamination 
was used. 
Sandstones 
The sandstones in the study area are typical of the 
Sentinel Butte sands described by Jacob (1975). They 
weather to form characteristic steep, rilled slopes and 
often contain numerous concretions (Fig. 5). However, an 
anomalous medium-grained sandstone unit occurs in the 
uppermost portion of the exposure and is noticeably coarser 
than the typical very fine- to fine-grained sands of the 
area. This sandstone will be referred to as the "upper 
sand" throughout the remainder of this study. 
The sandstones are divided into two types based.on 
thickness and lateral extent. The first type is 
characterized by thicknesses under 1.5 meters and by 
discontinuous lateral extent. The second type is typified 
by thicknesses averaging between 5 and 6 meters, and is 
laterally continuous. 
Commonly, the sandstones are moderately to poorly 
cemented. Forsman (1985) determined that the sandstones of 
the Sentinel Butte Formation are cemented primarily by 
15 
Table 1-- Classification of sedimentary structures observed 
in this study. 
> 5 cm Large-scale cross-bedding Trough cross-bedding 
Planar cross-bedding 
1-5 cm Small-scale cross-bedding Trough cross-bedding 
Climbing-ripple 
cross-bedding 
< 1 cm Ripple cross-lamination 
. 
Planar lamination 
, 
16 
Figure 5 Photograph of a rilled Sentinel Butte sandstone. 
The exposure is approximately 8 meters high. The 
concretions are about 0.5 meters thick. 
- -- ·~---------------, 
17 
authigenic montmorillonite and calcite. Exceptions to the 
poor degree of cementation are the distinctive concretions 
which occur within most sandstone units. These concretions 
are usually log-shaped, and range in size from approximately 
5 cm to over 1 meter in diameter, and from about 5 cm to 
tens of meters in length (Fig. 5). 
Parsons (1980) studied similar structures in the 
"Tongue River" Formation in southern North Dakota. He found 
that they lacked a macroscopic organic nucleus, a feature 
common in most other concretions of the formation. Parsons 
noted that the pre-cementation porosity of the surrounding 
sandstone averaged about 29%, but the pre-cementation 
porosity of the concretion was around 44%. His findings 
support earlier theories that these concretions resulted 
from calcium carbonate precipitation from groundwaters 
moving through the more porous parts of the sand body (Frye, 
1967; Groenewold, 1971). 
The log-like concretions typically display well-
preserved sedimentary bedding structures and are therefore 
very useful in determining paleocurrent direction (Jacob, 
1973). The majority of the paleocurrent measurements were 
taken from these concretions. 
The sandstones are fairly to poorly sorted and are 
typically silty and clayey. Some of the clay originated 
from secondary infiltration into the pores (Forsman, 1985). 
What appear to be cleaner, better-sorted sands occur in the 
- --- -------------------, 
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lower portions of the channel deposits. This is where flow 
strength would have been strongest. The "upper sand" 
appears somewhat cleaner than the lower, finer-grained 
sandstones. This is most likely a result of a higher flow 
strength associated with the deposition of. this sandstone. 
Impurities in the sandstones include clay balls and 
organic debris. The organic debris is very useful in 
distinguishing various bedding structures in the sandstones. 
The debris consists mainly of disseminated plant fragments, 
with occasional recognizable leaf and twig fragments. Clay 
balls are often found at the bases of the larger sandstone 
bodies, and probably represent channel lag material. In the 
''upper sand'' there are large concentrations of clay balls, 
with some of the individual balls reaching several 
centimeters in diameter. 
Sedimentary structures in the sandstones are often 
difficult to identify due to the poor cementation and fine 
grain size. As mentioned above, organic material on the 
bedding surfaces helps a great deal in identifying 
sedimentary structures. The most common type of structure 
is small-scale trough crossbedding with sets one to three 
centimeters high. Other structures include planar 
laminations, parting lineations, small-scale climbing 
ripples, large-scale trough crossbedding, and ripple marks 
(Figs. 6, 7, 8, and 9). Large-scale trough and tabular 
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Figure 6 Photograph of small-scale climbing ripples in a 
sandstone concretion. 
The concretion is approximately 45 cm across. 
Figure 7 Photograph of ripple marks in a sandstone 
concretion. 
Quarter for scale. 
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Figure 8 Photograph of parting lineations on a bedding 
surface of a sandstone. 
Total length of the hammer is 31 cm. 
Figure 9 Photograph of trough crossbedding exposed in a 
transverse section of a sandstone concretion. 
The pick is 66 cm long. 
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crossbedding is more common in the "upper sand" than in the 
lower sandstones (Figs. 10, 11, 12, 13, 14, and 15). 
In a few localities, epsilon cross-stratification was 
identified. Epsilon cross-stratification (ECS) was first 
defined by Allen (1963), who suggested this structure was 
formed by the lateral accretion of point bars. In the study 
area, surfaces of ECS are often marked by thin (2-4 cm 
thick), well indurated, rusty-orange siderite(?) layers. 
Root structures and mudcracks have been found in association 
with these layers. The presence of these features suggests 
subaerial exposure or very shallow water conditions on the 
point bar portion of the river channel. The surfaces of the 
ECS structures dip about 16 degrees in a direction nearly 
perpendicular to flow direction (Fig. 16). 
Postdepositional deformation structures such as water 
escape features and convolute bedding are rare. Root traces 
are common in the sandstones and burrows are comparatively 
rare. The root traces often provided the necessary 
nucleation point for "true" concretions of the formation 
which show concentric layering around a central point. 
"Upper sand" 
The anomalous medium-grained sandstone mentioned 
earlier is interpreted to be the "upper sand" marker bed as 
defined by Royse (1967a) (Fig. 17). The interpretation is 
based on the larger scale crossbedding and coarser grain 
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Figure 10 Photograph of crossbedding in the "upper sand" 
showing the preservation of a ripple surface. 
The arrow points to the ripple surface. The 
notebook is 12 cm wide. 
Figure 11 Photograph of trough crossbedding in the "upper 
sand." 
Arrow points to notebook which is 12 cm wide. 
Figure 12 Photograph of tabular and 
planar bedding in the "upper 
sand." 
Dark portion of the pick 
handle is 33 cm long. 
Figure 13 Photgraph showing the contact 
between tabular and planar 
bedding in the "upper sand." 
Dark portion of the pick 
handle is 33 cm long. 
t\J 
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Figure 14 Photograph of a clay ball 
conglomerate in the "upper 
sand." 
Arrow points to clay ball 
accumulation. Scale bar is 10 
cm long. 
Figure 15 Photograph of trough cross-
bedding and clay ball 
accumulation in the "upper 
sand." 
Scale bar is 10 cm long. 
rv 
~ 
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Figure 16 Photograph of epsilon cross-stratification in a 
Sentinel Butte sandstone. 
Arrows point to bedding surfaces. 
bar represents 2 meters. 
The vertical 
Sentinel 
Butte 
Formation 
380 to 620 
feet thick 
-- ~- -- ~-----------, 
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Key beds and their outcrop area 
"Upper sand"; parts of western McKenzie County 
and Billings County, western Dunn County 
Bullion Butte lignite; southern Billings and Golden 
Valley Counties , and northern Slope County 
Upper "yellow bed"; McKenzie County 
Lower "yellow bed"; McKenzie County 
"Blue bed" or Sentinel Butte tuft; McKenzie County 
· "Basal sand" 
Figure 17 Key beds of the Sentinel Butte Formation. 
Major marker beds of the Sentinel Butte Formation. 
After Royse (1967a, p. 9) and Forsman {1985, p. 
18) . 
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size of this unit as compared to the other sandstones in the 
study area. 
Royse described the "upper sand" as crossbedded, 
moderately well-sorted, medium-grained, usually oxidized, 
and unlike any other lithology in the Sentinel Butte 
Formation. Royse {1967a, p. 14) stated, "It is certain that 
the unit is not part of. the Eocene Series and that it occurs 
very near the top of the Sentinel Butte sequence." The 
exact stratigraphic position of the "upper sand" is not 
known because, in the few places where it has been 
identified, it occurs as the uppermost unit in the exposed 
section. 
Since the original description of the "upper sand" by 
Royse, only one other worker (Forsman, 1985) has discussed 
this anomalous unit. Based on the examination of a sample 
of this unit from near the North Unit of Theodore Roosevelt 
National Park, Forsman determined that the "upper sand" has 
a higher metamorphic-rock-fragment content than other 
sandstones he studied from the Sentinel Butte Formation. 
In this study, a point count was performed on two 
samples from the "upper sand" exposed in this area, these 
values were then compared to a point count made on two 
samples from a lower sand in this area. Results are shown 
in Table 2. 
The percentage of metamorphic rock fragments (MRF) is 
several times higher in the· 11 upper sand" than in the lower 
28 
Table 2-- Point count results on detrital grains of thin 
sections from two "upper sand'' samples and-two 
lower sandstone samples. 
"upper sand" lower 
sandstone 
% % % % 
Quartz 15.1 . 12. 2 15.0 19.4 
Plutonic RF 12.9 10.5 7.5 5.8 
Metamorphic RF 11.8 16.1 4.2 4.2 
Volcanic RF 8.1 9.4 5.4 9.4 
Sedimentary RF 10.3 4.5 12. 9 10.5 
Unknown RF 15.1 13.3 15.8 15.2 
, 
Chert 13.2 9.2 13.8 13.1 
Feldspar 7.0 4.5 5.4 6.3 
Other • 6.6 20.3 20.0 16.2 
"includes any unidentified grains such as opaques and heavy 
minerals. 
29 
sandstone samples. This is in agreement with the findings 
of Forsman, who reported 6% MRF in his "upper sand", and 
between 0% and 3% MRF in the lower sandstones. Although the 
petrological data are very limited, the similarity in MRF 
content between Forsman's "upper sand" and the "upper sand" 
of this study suggests a possible correlation of the units. 
A number of sedimentary structures are displayed in 
this sandstone, including excellent examples of tabular and 
trough crossbedding, as well as small-scale ripples and 
large clay balls. The large clay balls may represent 
material derived from a bank failure. At one outcrop, a 
layer of clay balls nearly a meter thick was noted (Figs. 14 
and 15). 
This same medium-grained sand was found in the 
highest exposures directly south of this field area during a 
reconnaissance of the region across the Missouri River. The 
elevation of the sand body is approximately fifteen meters 
(50 feet) higher on the south side of the river. 
silts tones 
siltstone is the most common lithology in this part 
of the Sentinel Butte Formation. The siltstones and 
associated clayey and sandy siltstones make up approximately 
27 percent of the total thickness of all the measured 
sections. The average thickness of the individual siltstone 
units is approximately two meters. In outcrop, the 
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siltstones are often heavily weathered and covered by 
vegetation. Due to slumping, the true thickness of the 
siltstone units is always less than it appears. The lateral 
extent of the siltstone units is variable. Although some of 
the siltstones are extensive enough to be used as local 
marker beds, most are difficult to trace due to the tendency 
for them to be heavily weathered. 
The siltstones are generally poorly lithified except 
for locally well-cemented log shaped zones similar to those 
in the sandstone units, but smaller. Like the sandstones, 
the most well-defined sedimentary structures in the 
siltstones occur in these well-cemented zones. 
The most common sedimentary structures include small-
scale trough crossbedding and planar laminations. 
Occasionally, small clay balls, representing bed-load 
material, occur at the base of the larger siltstone units. 
In many instances, the siltstone contains abundant 
disseminated organic debris that aids in distinguishing the 
sedimentary structures. 
Pelecypod and gastropod shell material, leaves, root 
traces and burrows are the only fossil material noted in the 
siltstones. Typically, the shell material is poorly 
preserved and heavily fragmented. 
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Clays tones 
Claystones make up a significant percentage of the 
Sentinel Butte Formation. In outcrop the claystones produce 
slopes of varying steepness, depending on the silt content 
and degree of lithification. Many of the claystones are 
smectitic and weather to form a distinctive "popcorn" 
texture. A number of the covered intervals in the measured 
sections are probably associated with silty claystones which 
have been heavily weathered. In these heavily weathered 
zones, it was not uncommon to dig for half a meter into the 
outcrop and still not find unweathered material. 
The claystones typically have a blocky fracture, but 
also show conchoidal fracturing in homogenous samples. 
Platy or fissile textures are nbt uncommon; these "shales" 
were counted as claystones. Although many of the claystone 
units appear massive, some structures were recognized in 
certain cases. The most common structure is planar 
lamination. Individual laminae are defined by either an 
increase in silt content or by a concentration of organic 
debris. The thickness of the laminae range from a few 
millimeters to nearly two centimeters. Other structures 
observed in the claystones include root traces, burrows, and 
pedogenic slickensides (Fig. 18). The root traces and 
slickensides are particularly abundant in the claystones 
directly underlying lignite. 
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Figure 18 Photograph of pedogenic slickensides on claystone 
fragments. 
Quarter for scale. 
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The claystones contain most of the fossil.material 
observed in the study area. The most common fossils are 
compressions and molds of leaves, small branches, and other 
plant fragments. Compressions are simply the remains of a 
fossil plant that have been flattened by the weight of 
overlying strata. Some of the leaves are very well 
preserved and retain the entire leaf shape and in some cases 
even the venation pattern. Most of the well-preserved plant 
fossils occur on the bedding planes associated with the 
planar laminae. Although not nearly as common as plant 
material, bivalve and gastropod fossils also occur in the 
claystones. 
Lignite 
Lignite is not a common lithology in the study area. 
The thickest lignite seam is approximately 4 meters (12 
feet) thick, and most of the remaining units are less than 
0.3 meters (l foot) thick. The thicker beds are traceable 
throughout the study area and can be correlated with beds to 
the east and west (Collier, 1919; Dove and Eaton, 1925; 
Spencer, 1978). 
Most of the lignite in this area is woody and 
occasionally contains large petrified (silicified) stumps. 
Jarosite(?) and gypsum are commonly associated with the 
lignite units. Jarosite(?) appears to be more commonly 
associated with thicker lignite units. 
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·As in other exposures of the Sentinel Butte 
Formation, the lignite beds are commonly obscured by debris 
from overlying units. A seemingly continuous section of 
silts and clays may actually contain a number of lignite 
seams. In many instances, weathering of the lignite 
produces slight benches typically marked by a concentration 
of sagebrush and grasses. This concentration is due to the 
high water storage potential of the lignite. Several 
springs associated with the lignite beds provide water for 
the local ranchers. 
The presence of abandoned mine cars and what appears 
to be a collapsed mine adit in NW 1/4, section 20 suggests 
that at least one of the lignite seams in this area was 
mined. 
Limestone 
Limestone is the least common lithology in the 
Sentinel Butte Formation. The limestone in the study area 
occurs primarily as isolated lenses or pods ranging from one 
to three meters in diameter and one-third to one meter in 
thickness (Figs. 19 and 20). In two instances, the 
limestone occurs as a relatively continuous unit extending 
horizontally for many tens of meters (Fig. 21). The 
limestone pods typically occur in calcareous silty claystone 
or clayey siltstone and in a few cases occur in close 
proximity to sandstone bodies. 
,, 
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Figure 19 Photograph of an isolated limestone concretion. 
Scale bar is 10 cm long. 
Figure 20 Photograph of an isolated limestone concretion. 
The pick is 66 cm long. 
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Figure 21 Photograph of the extensive limestone unit near 
the level of the Missouri River. 
The arrow points to a notebook 19 cm long. 
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The limestone fractures conchoidally and is usually 
grayish-orange (10 YR 7/4) to pale yellowish-orange (10 YR 
8/6) (Munsell color notation, Geological Society of America 
Rock Color Chart). Typically the limestone is micritic and 
void of macro-fossils. However, some limestone contains 
bivalve and gastropod fossils as well as root traces and 
leaf fossils (Fig. 22). The fossiliferous limestones are 
classified as biomicrites, using the classification of Folk 
( 1959). 
In an effort to determine if the carbonate was of 
primary or secondary origin, thin sections were prepared 
from samples taken from three different limestone outcrops. 
Examination of the thin sections revealed that the 
limestones are composed of very fine-grained caJcite mud, 
with minor amounts of shell and plant material, and 
occasional silt-sized quartz grains. The micrite is 
extremely uniform in texture and except for the coarser 
grained calcite precipitated within shell cavities, no 
evidence of larger calcite crystals was noted. The absence 
of larger crystals is suggestive of a primary origin with 
little or no post-depositional influence (P. Videtich, pers. 
comm., 1992). Additional evidence for a primary origin for 
these limestones is the bedding made visible by uniformly 
aligned organic debris. 
38 
Figure 22 Photograph showing mollusks in the extensive 
limestone unit near the level of the Missouri 
River. 
The arrows point to mollusk shells. Notebook in 
19 cm long. 
STRATIGRAPHIC INTERVAL 
A significant goal of this study was to determine 
which interval of the Sentinel Butte Formation crops out in 
the study area. This will provide a stratigraphic context 
to the sedimentologic interpretations as well as other 
geologic observations. The Geologic Map of North Dakota 
(Clayton and others, 1980} depicts bedrock exposures in this 
area as part of the Sentinel Butte Formation. Three 
criteria are used to determine the specific stratigraphic 
interval: 1) the position of the inferred "upper sand'' in 
this area; 2) ·the relative stratigraphic positions of the 
"Sentin~l Butte tuff" and the "upper sand" in the region to 
the south of the study area; and 3) the projection of the 
Bullion Creek-Sentinel Butte formational contact from the 
, 
east thrbughthe use of major lignite marker beds. 
"Upper sand" 
The medium-grained sandstone exposed in the uppermost 
portion of this study area is interpreted to be equivalent 
to the "upper sand" of Royse (1967a). Based on this 
inter-pretation and the thickness of the exposed strata, it 
is inferred that the upper '163 meters (535 feet) of tha·· 
Sentinel Butte Formation are exposed in this area. 
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Forsman (1985, p. 97) recommended that the informal term 
"Sentinel Butte bentonite/ash" be used when referring to 
this deposit. More recently the name "Sentinel Butte tuff" 
has been suggested as the informal designation of this 
marker bed (N.F. Forsman, oral commun., 1992). Throughout 
the remainder of this study the name "Sentinel Butte tuff" 
will be used for what in the past has been referred to as 
the "blue bed." 
Figure 23 illustrates the relative positions of the 
"upper sand" in the study area and the "upper sand" and the 
Sentinel Butte tuff in northern McKenzie County. It should 
be noted that the elevation of the Sentinel Butte tuff in 
Figure 23 is based on actual outcrop observation, and this 
datum was then projected to the line of section as shown. 
The "upper sand" is separated from the Sentinel Butte tuff 
by approximately 91 meters (300 feet). This is very close 
to the 100 meter (327 feet) value derived from Forsman's 
composite section of the Sentinel Butte Formation (Forsman, 
1985, p. 18). Assuming the stratigraphic distance between 
the Sentinel Butte tuff and the "upper sand" is consistent, 
the Sentinel Butte tuff should crop out at an elevation of 
about 2000 feet in the study area. However, the Sentinel 
Butte tuff has not been recognized in the study area. Its 
absence may be the result of non-deposition in this area or 
may indicate that the Sentinel Butte tuff was eroded by 
paleo-streams migrating through this area. The latter 
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Royse (1967a) reviewed estimates of the thickness of 
the Sentinel Butte Formation made in other studies. He 
determined that the Sentinel Butte Formation is nearly 198 
meters (650 feet) thick. This value is used by the North 
Dakota Geological Survey as the maximum thickness of the 
Sentinel Butte Formation (Bluemle and others, 1986). 
Subtracting the amount of exposure available in this study 
area from Royse's formational thickness value places the 
Bullion Creek-Sentinel Butte formational contact at an 
elevation of about 1730 feet, or about 30.5 meters (100 
feet) below the level of the Missouri River. 
Sentinel Butte tuff and "upper sand" 
Reconnaissance of an area directly south of the study 
area, in northern McKenzie County, revealed the presence of 
the "upper sand" and the "blue bed." The "blue bed" is an 
informal name applied to a fairly widespread stratigraphic 
marker within the Sentinel Butte Formation (Royse, 1967a) 
and is commonly associated with the area in and around the 
North Unit of Theodore Roosevelt National Park (Fig. 17). 
Forsman (1985) and Royse (1967a) show that this marker bed 
lies in the lower one-third of the Sentinel Butte Formation. 
The "blue bed" commonly has a tripartite character, composed 
of a grayish-white tuff sandwiched between two bluish-gray 
bentonite layers (Forsman, 1985). As there are many bluish-
gray claystone layers in the Sentinel Butte Formation, 
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Figure 23 Cross-section between the study area ana northern 
McKenzie County. 
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tuff is projected from outcrops near the line of 
section. 
' ,,
43 
reasoning is supported by the presence of a thick, tabular 
sandstone within the field area at the 2000 foot level. 
The known thickness of strata between the "upper 
sand" and the Sentinel Butte tuff in northern McKenzie 
county, and the estimated position of the Sentinel Butte 
tuff within the field area allows the conclusion that a 
least the upper two-thirds of the Sentinel Butte Formation 
is exposed in the study area. 
Bullion Creek (Tongue River) contact 
According to the geologic map of North Dakota 
(Clayton and others, 1980), the Bullion Creek Formation is 
exposed approximately 7.5 km (12 miles} east of the study 
area. In areas where the Bullion Creek-Sentinel Butte 
formational contact has been observed by earlier workers, 
one or more of the laterally extensive lignite beds of 
southeastern Williams County are also present. Earlier 
studies 1Herald, 1913; Collier, 1919; Great Northern 
Railway, 1955, 1966; Spencer, 1978, 1981) have traced these 
lignite beds from an .area.just east of Williston, east to 
the Mountrail County line. Table 3, derived from Spencer 
(1978), lists the major lignite beds in southeastern 
Williams County and the history of their usage. 
Figure 24 illustrates the correlation of some of the 
major lignite beds of southwestern Williams county and the 
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Table 3-- The usage of lignite bed names in southwestern 
Williams County, North Dakota (after Spencer, 
1978). 
Herald, Collier, 1919 Great Northern Spencer, 
1913 Railway 1978 
.. 1955 1966 
----- bed 12, Mormon ----- ----- Mormon 
C bed 6, Williston ----- bed 3 Williston 
B bed 5 ----- bed 4 Avoca 
, 
----- bed 1, Pittsley bed 1 ----- Pittsley 
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Figure 24 Correlation diagram of some of the major lignite 
beds across southeastern Williams County. 
Possible interpretations of the Bullion Creek-
Sentinel Butte formational contact in 
southeastern Williams County based on the 
position of the Williston and Pittsley lignite 
beds. The outcrop pattern of the Sentinel Butte 
and Bullion Creek Formations is from the 
Geologic Map of North Dakota (Clayton and 
others, 1980). 
Reference data for the geologic sections: 
Section 1 Composite section of the current study 
area. 
Section 2 Measured section #10 from Spencer 
(1981). 
Section 3 Drill hole G 169-5 from Spencer 
(1981). 
Section 4 Measured section from Freers ( 197 o) . 
Section 5 Drill hole #6 fr-0m Spencer (1988). 
Interpretations of the formational contact. 
A. The Bullion Creek-Sentinel Butte formational 
contact after Freers (1970). 
B. The Bullion Creek-Sentinel Butte formational 
contact after Spencer (1981). 
Tsb = sentinel Butte Formation 
Tbc = Bullion Creek Formation 
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inferred position of the Bullion Creek-Sentinel Butte 
formational contact. 
Freers- (1970) was the first to show diagra:nunatically 
the stratigraphic position of the Bullion Creek-Sentinel 
Butte contact in southeastern Williams County. Although he 
did not use the names applied to the major lignite beds in 
this region, it is inferred from lignite correlations by 
Spencer (1978) that Freers placed the contact just below the 
Williston lignite bed. This bed is located in the lowermost 
exposures of the study area (after Spencer, 1978). If the 
interpretation by Freers is correct it would mean there are 
approximately 15-18 meters (50-60 feet) of Bullion Creek 
Formation exposed in the lowermost exposures of the study 
area. 
Spencer (1978) chose the Pittsley bed as the lower 
contact of the sentinel Butte Formation. The Pittsley bed 
is estimated to be 78 meters (256 feet) below the Williston 
bed (Spencer, 1978, p. 3). The Pittsley lignite bed is not 
exposed in the study.area. However, if the stratigraphic 
distance between the Williston and Pittsley lignite beds 
remains consistent the Pittsley lignite bed would lie at an 
elevation of about 1644 feet; approximately 57 meters (186 
feet} below the level of the Missouri River. This would 
result in a total Sentinel Butte thickness of approximately 
224 meters (736 feet). 
--- ---------------, 
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Freers did not indicate his reasoning for placing the 
formational contact at the Williston bed; _a brief inspection 
of this region did not reveal any color change indicative of 
the formational contact. Spencer (1978) mentioned that, in 
a personal communication with E.A. Rehbein, Rehbein 
interpreted the Pittsley bed as equivalent to the HT Butte 
lignite bed. The HT Butte is one of the stratigraphic 
::iarkers defining the Bullion Creek-Sentinel Butte contact in 
the Golden Valley and Billings County area (Roys·e, 1967a). 
If the formational contact is to be placed at or near 
a lignite bed, there is some evidence in support of the 
Williston bed as the possible Bullion Creek-Sentinel Butte 
contact. As mentioned earlier, the calculated distance 
between the "upper sand" and the Sentinel Butte tuff in 
northern McKenzie county was consistent with the values 
derived from Forsman (1985). If the distance between the 
Sentinel Butte tuff and the base of the Sentinel Butte as 
shown by Forsman is equally consistent (roughly 52 meters 
(170 feet)), the base of the Sentinel Butte would be 
approximately 21 meters (70 feet) below the Williston Bed in 
the current study area. Fisher (1953) also shows the 
Sentinel Butte tuff to be about 52 meters (170 feet) above 
the base of the Sentinel Butte Formation. This places the 
contact closer to the Williston lignite bed than to the 
Pittsley lignite bed. 
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Figure 25 diagrammatically illustrates the relative 
positions of the Bullion creek-Sentinel Butte formational 
contact in the study area. Levels A-L represent the 
inferred positions of the formational contact as estimated 
by the various means mentioned in the preceding paragraphs. 
Level A marks the position of the formational contact based 
on the position of the Williston lignite bed (after Freers, 
1970). Level B represents an interpreted position of the 
contact based on the position of the Sentinel Butte tuff in 
northern McKenzie County and the stratigraphic distance 
between the Sentinel Butte tuff and the base of the Sentinel 
Butte Formation as illustrated by Forsman (1985). Level C 
is placed relative to the position of the "upper sand" in 
this area and the reported maximum thickness of the Sentinel 
Butte Formation as reported by Royse (1967a). Level D 
indicates the position of the formational contact if the 
Pittsley lignite bed is used as the base of the Sentinel 
Butte Formation (after Spencer, 1978). The position of the 
Pittsley bed __ is based on the assumption that the 
stratigraphic distance between the Williston and Pittsley 
lignite beds remains relatively constant across southeastern 
Williams County. 
Due to the potentially large degree of variability in 
stratigraphic separation between the various 
lithostratigraphic units of the Sentinel Butte Formation 
over even modest horizontal distance, caution should be used 
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Figure 25 Profile showing the relative positions of the 
Bullion Creek-Sentinel Butte formational contact 
in the study area: 
Levels A through Dare projected positions of 
the Bullion Creek-Sentinel Butte formational 
contact as defined by various means. 
Level A 
Level B 
Level C 
Level D 
Position of the formational contact 
using the Williston lignite bed. 
After Freers (1970). 
Position of the formational contact 
based on the relative positions of the 
Sentinel Butte tuff and "upper sand" 
in northern McKenzie County. 
Position of the formational contact 
based on the "upper sand" and the 
estimated maximum thickness of the 
sentinel Butte Formation from Royse 
(1967a). 
Position of the formational contact 
based on the projected position of the 
Pittsley bed. After Spencer, 1981. 
Level A~~~~~ 
LevelB~~~~~ 
LevelC~~~~-
LevelD~~~~~ 
-- . -------------, 
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when deciding at which level the base of the formation 
actually occurs. 
DEPOSITIONAL ENVIRONMENTS 
The depositional environments of the Sentinel Butte 
Formation in this area were interpreted by examining the 
sedimentary structures and lithologic associations, and 
applying them to current facies models. Most of the strata 
exposed in this area are thought to have been deposited in a 
fluvial system, with the remainder belonging to a lacustrine 
system. Current fluvial facies models, their application to 
this study and the supporting evidence found in this study 
are discussed first. This will be followed by the facies 
models and evidence for a lacustrine system. 
Fluvial systems 
The most widely used depositional model for 
meandering streams is the classic fining-upwards cycle 
described by Allen (1963, 1965, 1970). This model explains 
how the lateral migration of a point bar in a meandering 
stream preserves a fining-upward sequence of grain sizes and 
an accompanying sequence of sedimentary structures. In 
general, the cause of the grain size distribution within the 
point bar is the helical flow of the water as it enters a 
meander bend. The flow is directed toward the cutbank where 
it then turns downward and subsequently up the point bar 
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surface (Fig. 26). As the flow strength decreases up the 
point bar, finer material is deposited, resulting in the 
fining upward sequence. 
Allen {1970) described the general sequence of 
bedforms w{thin the point bar as progressing from large-
scale trough and/or parallel bedding to small-scale cross-
stratification and/or parallel bedding. He also attributed 
the sequence of sedimentary structures to the variability in 
flow strength along the point bar surface. 
The fining-upward sequence continues as the point bar 
(lateral accretion) deposits are overlain by the interbedded 
silts and clays of floodplain origin. Floodplain {vertical 
accretion) deposits contain root traces, burrows, organic 
debris, and small-scale bedforms (Allen, 1965, 1970). 
Jackson (1978) suggested that the standard fining-
upward lithofacies model was too limited and in need of 
revision. He referred to numerous inconsistencies between 
the standard fining-upward model and the characteristics of 
various modern meandering stream systems. In response to 
these inconsistencies, Jackson proposed five lithofacies 
classes for meandering streams. These classifications 
require criteria such as an estimated width/depth ratio for 
the paleochannel, a fine-member to coarse-member sediment 
ratio, and identification of epsilon cross-stratification. 
Miall (1985) proposed a descriptive classification 
system for all fluvial deposits based on eight 
Levee 
Earlier deposit 
Point-bar 
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Figure 26 A fluvial model for the development of a fining 
upward sequence. 
From Collinson (1986), after Allen (1970). 
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"architectural elements" that are "defined by grain size, 
bedform composition, internal sequence and, most critically, 
by external geometry." Table 4 lists and describes the 
eight elements and Table. 5 lists and describes the 
lithofacies that characterize the architectural elements. 
The fluvial nature of the sediments in this study 
area are interpreted utilizing the fining-upward model 
(Allen, 1963, 1965, 1970). The thick tabular sandstones are 
interpreted to be channel deposits formed by lateral 
accretion. Although it was difficult to determine in the 
field, there appeared to be a fining-upward trend within the 
tabular sandstones. The paucity of bedforms within the 
Sentinel Butte strata made it difficult to determine if 
there is a vertical sequence of bedforms within the 
sandst9nes similar to that described by Allen (1970). 
However, the presence of large-scale trough crossbedding was 
most commonly seen in the lower portions of the tabular 
sandstones. Epsilon cross-stratification, which is formed 
during lateral accretion of point-bars, occurs in several 
locations within these thick sands (Fig. 16). 
Vertical accretion deposits are represented by the 
silts and clays directly overlying the channel sands. 
Small-scale crossbedding, root traces, and carbonaceous 
deposits are present and are characteristic of this portion 
of Allen's model. Typically a lignite bed caps the fining-
upward sequence. 
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Table 4-- Architectural elements of Miall (1985). 
Elements Symbol Principal Geometry and 
lithofacies relationships 
assemblage 
Channels CH any combination finger lens or 
sheet; concave-up 
erosional base; 
scale and shape 
highly variable; 
internal concave-
. 
up secondary 
erosion surfaces 
common 
Gravel bars and GB Gm, Gp, Gt lens, blanket; 
bedforms usually tabular 
bodies; commonly 
interbedded with 
SB 
Sandy bedforms SB St, Sp, Sh, Sl, Sr, lens, sheet, 
Se, Ss blanket, wedge; 
occurs as channel 
fills, crevasse 
splays, minor 
bars 
Foreset FM St, Sp, Sh,. Sl, Sr, lens resting on 
macro forms Se, Ss flat or channeled 
base, with 
convex-up second-
order internal 
erosion surfaces 
and upper 
, bounding surface 
·-Lateral LA St, Sp, Sh, Sl, Sr, wedge, sheet, 
accretion Se, Ss; less lobe; 
deposits commonly Gm, Gt, Gp characterized by 
internal lateral 
accretion 
surfaces . 
Sediment SG Gm, Gms lobe, sheet; 
gravity flows typically 
interbedded with 
GB 
Laminated sand LS Sh, Sl; minor St, sheet, blanket 
sheets Sp, Sr 
. 
Over-bank fines OF Fm, Fl thin to thick 
blankets; 
commonly 
interbedded with 
SB; may fill 
abandoned 
channels 
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Table 5-- Lithofacies classification of Miall (1978). 
Facies Lithofacies Sedimentary structures 
svmbol 
Gms massive, matrix supported grading 
gravel 
Gm massive or crudely bedded horizontal bedding, 
gravel imbrication 
Gt gravel, stratified trough crossbeds 
Gp gravel, stratified planar crossbeds. 
St sand, medium to very coarse, solitary or grouped 
may be pebbly trough crossbeds 
. 
Sp sand, medium to very coarse, solitary or grouped 
may be pebbly planar crossbeds 
Sr sand, very fine to coarse ripple marks of all types 
Sh sand, very fine to very horizontal lamination, 
coarse, may be pebbly parting or streaming 
lineation 
Sl sand, fine low angle (<10 degrees) 
crossbeds 
Se erosional scours with crude cross-bedding 
intraclasts 
Ss sand, fine to coarse, may be broad, shallow scours 
·pebbly including eta cross-
stratification 
. 
Fl sand, silt, mud fine lamination, very 
, small ripples 
Fsc silt, mud laminated to massive 
Fcf mud massive, with freshwater 
molluscs 
Fm mud, silt massive, desiccation 
cracks 
Fr silt, mud rootlets 
C coal, carbonaceous mud plants, mud films 
p carbonate pedogenic features 
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In many instances the channel sands directly overlie 
a lignite bed, often with rip-up clasts of the lignite 
incorporated into the basal lag of the sandstone. This is 
shown as the dark material within bedding planes in Figure 
27. This situation illustrates the channel stacking process 
as interpreted by Allen (1970). 
The characteristics of the Sentinel Butte Formation 
channel deposits fit well into lithofacies class #1 of 
Jackson (1978) (Table 6). Points number two and three of 
·-
his classification are readily applied to the Sentinel Butte 
strata. 
The width-depth ratio of the paleochannels is 
unknown, but is probably larger than what is described in 
Jackson's classification. The natural levee and channel-
fill deposits are indeed expected but they are far from 
being prominent. The point-bar slopes of epsilon-cross-
, 
stratification surfaces in the study area dip at 
approximately 16 degrees and are delineated by thin, 
resistant, sideritic horizons. 
Many of Miall's (1985) fine-grained lithofacies 
classes were. observed in the Sentinel Butte strata. 
However, the characteristics of individual exposures did not 
allow for the determination of a more complete lithofacies 
assemblage, or allow for the detailed examination of bed 
geometry necessary for identification of Miall's 
architectural elements. 
'"' 
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Figure 27 Photograph of a sandstone-lignite contact. 
Scale bar is 10 cm long. 
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Table 6-- Lithofacies model #1 from Jackson, 1978, table 
7, p. 562. 
#1: Muddy fine-grained streams (lack rock gravel) 
1. Channel shows small width~depth ratio, commonly a very 
high sinuosity, and an erratic cross-sectional profile. 
Steep point-bar slopes often exceed 20°. 
2. Transitio.nal and fully developed textural zones in 
coarse member usually not recognizable. Upward fining 
of coarse member common but not ubiquitous. 
3. Fine member equals or exceeds coarse member in 
thickness, but its mud need not be "overbank", even in 
part. Locally abundant intraformational mud chips in 
coarse member. Bed material usually is of medium-sand 
size or finer. 
4. ECS possible in point-bar deposits of gently curved 
bends and likely consists of thin laminae of fine sand 
and silt. Prominent natural levees and channel-fill 
mud deposits expected. Scroll bars and chutes absent. 
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Miall described a suite of fluvial models to show how 
his classification works and although he cautioned against 
pigeonholing specific field examples into any of these 
models, his model #7 is a good approximation of the fluvial 
style that deposited most of the Sentinel Butte strata in 
this area. This model represents a highly sinuous, 
suspended load stream carrying fine sand, silt and mud (Fig. 
28). The steeper point-bar slopes of this model are similar 
to those found in the study area. Miall stated that ripple 
marks are the most abundant bedforms in model #7, which is 
also true of the Sentinel Butte fluvial system. This 
fluvial model would also generate tabular sands similar to 
those found in·the study area. 
Lacustrine systems 
Picard and High (1972) cited 13 criteria for the 
' 
recognition of lacustrine deposits, including 
paleontological criteria, the presence of limestone, fine 
grain size, shore features, and sedimentary structures. 
Yuretich and others {1984) stated that few, if any, of the 
diagnostic lake characteristics defined by'Picard and High 
could be applied to some postulated lacustrine sequences. 
The fine grain size and paucity of sedimentary structures in 
exposures of this area make it difficult to apply the 
criteria for determining a lacustrine environment. 
"i 
Figure 28 Depositional model for a muddy, fine-grained meandering river (from 
Miall, 1985, p. 293). LA= lateral accretion deposits; OF= 
deposition of overbank fines. 
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The most conclusive evidence of lacustrine deposition 
in this study area is the presence of limestone. As 
mentioned earlier, petrographic examination of three 
limestones from this area suggested that the majority of the 
calcite is of primary origin. Secondary calcite was 
observed in one thin section as coarser crystals within the 
voids of a gastropod shell. The limestones are dominantly 
very fine-grained carbonate mud with minor amounts of 
organic debris and silt. 
Several factors can prompt the primary inorganic 
pr~cipitation of calcium carbonate in a lake environment and 
could result in the types of limestones observed in the 
field area. These factors include: 1) temperature 
fluctuations; 2) mixing of waters of different compositions; 
3) mechanical release of CO2 ; 4) photosynthetic removal of 
CO2 ; and 5) evaporative concentration (Kelts and Hsli, 1978; 
Dean and Fouch, 1983). The process thought to be 
responsible for the development of limestone in the study 
are.:a is the consumption of CO2 by photosynthesis. As CO2 is· 
removed, the pH of the water increases causing precipitation 
of CaC03 • Where the removal of CO2 is very rapid, the pH of 
the water can increase to 9.0 or higher (Dean and Fouch, 
1983). Dean and Fouch (1983, p. 107-108) .stated that the 
precipitation of CaC03 by inorganic and organic removal of 
CO2 is the main source of carbonate deposition beyond the 
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littoral zone, that area of the lake bottom which is 
inhabited by rooted aquatic vegetation. 
In most cases, limestone occurs as single, 
discontinuous, micritic lenses or pods within a silty 
claystone. However, in two instances limestone beds are 
traceable for several tens of meters. The lens-shaped 
limestone bodies are thought to have been deposited as 
isolated pods in a larger lake system or in an oxbow lake 
environment. Beaumont (1979, p; 212) stated that limestones 
deposited in ponds associated with fluvial environments are 
" .. thin, discontinuous, nodular, argillaceous, and contain 
few fossils." Although none of the observed limestone was 
nodular, most of the limestone lenses are similar to 
Beaumont's description. 
Yuretich and others (1984) stated that lacustrine 
limestones are more areally extensive and fossiliferous than 
the micritic, lens-shaped limestones related to ponds of 
fluvial origin. The more extensive limestone beds in this 
study area are fossiliferous and are interpreted to have 
been deposited in larger lacustrine systems. Well preserved 
plant fragments are found in both of the extensive limestone 
beds, but gastropod and pelecypod fossils are associated 
with only one of the extensive units. 
The criteria given by Beaumont (1979) and Yuretich and 
others (1984) appear to contrast with those of Dean and 
Fouch (1983). According to Dean and Fouch, featureless 
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micritic limestones would develop in the deeper water zones 
of a lake where the proportion of biogenic carbonate (debris 
from calcareous plants and animals) would be minimal. 
Unless Paleocene oxbow lakes were of sufficiently large 
size, it is doubtful that their centers were isolated enough 
to produce "clean" micritic limestone. The gastropod-, 
bivalve-, and plant-material bearing limestones of the study 
area would seem to indicate a position closer to the lake 
shore. 
Further evidence of lacustrine deposition in this area 
is the presence of thin (2-15 cm) lignitic seams directly 
overlying strata lacking root traces. These conditions are 
suggestive of lacustrine deposition of allochthonous organic 
material brought in by streams or wind. 
'" 
I 
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DEPOSITIONAL HISTORY 
In this area, the Sentinel Butte Formation displays 
evidence of lacustrine and fluvial deposition. Two periods 
of relatively extensive lacustrine deposition and four 
fluvial dominated periods have been identified. Deposits 
corresponding to these periods are shown in the cross-
sections on Figures 31 through 34 and are labeled as ss1, 
SS2, SS3, SS4, Ll, and L2. The units that comprise these 
periods are indicated in the appendix. 
The lacustrine sequences are identified on the basis 
of: 1) the presence of mollusc-bearing limestone units; 2) 
the structureless character of the silts and clays; and 3) 
the lack of any root traces. The fluvial sequences are 
identified on the basis of: 1) the presence of tabular 
sandstones containing unidirectional crossbedding; 2) the 
general fining-upward character of the units directly above 
the sandstone; and 3) the identification of epsilon cross-
stratification. 
The lowermost exposures form a lacustrine-dominated 
sequence (Ll of Fig. 32), as is evident from the featureless 
silts and clays and the extensive limestone. unit near the 
current level of the Missouri River. The termination of 
this lacustrine system is thought to have been caused by a 
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Figure 29 Index map of the cross-sections. 
Points A-L show the locations of measured sections 
described in the appendix. 
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Figure 30 Key to the patterns used in the cross-sections. 
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combination of swamp encroachment, as described by 
Teichmuller and Teichmuller (1982), and sediment infilling 
by a prograding lacustrine delta. A likely scenario would 
be a lake several kilometers in diameter surrounded by low, 
swampy and forested land (Fig. 35). A single broad swamp is 
thought to have formed as the lake diminished, the deposits 
of which produced a widespread lignite between two and four 
meters thick, now represented by the Williston lignite bed. 
Although the Williston lignite bed extends from the study 
area eastward to the Mountrail county line (approximately 30 
kilometers), it is not known if the previous lake system was 
this extensive. The limited exposures at this level do not 
allow for the direct interpretation of a lacustrine delta or 
for the determination of the lake's original size. 
Swamp deposition ceased as a river system avulsed over 
the area. This river system is depicted as SS1 on Figures 
; 
32 and 33. A fluvially dominated system existed long enough 
to produce the extensive tabular sandstone (SS1) and 
associated levee and floodplain deposits. It is not certain 
how much time passed between the end of the earlier swamp 
deposition and the movement of the river system over this 
area. The presence of lignitic fragments in the basal 
portion of the sandstone may indicate that the swamp 
deposits were buried for some time before being re-exposed 
by the river (Fig. 27). 
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Figure 35 General environmental model 
interpreted in this study. 
Teichmuller (1975). 
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After the river migrated away, widespread swamp 
conditions returned to the area. The lignite bed shown 
between SS1 and SS2 in Figure 32 represents the deposits of 
this swamp. A claystone parting within this unit suggests 
this swamp was probably the distal part of a floodplain that 
received a large quantity of elastic material that halted 
peat growth for a period of time. 
A tabular sandstone directly overlying the above 
lignite represents the deposits of a fluvial system that 
once again migrated through the area, repeating the previous 
cycle. The resulting deposit is represented by SS2 on 
Figures 31, 32 1 and 33. As with SS1, the basal portion of 
SS2 contains abundant organic fragments, presumably derived 
from the underlying lignite. 
Again the river system migrated away, but this time 
lacustrine conditions are thought to have dominated the area 
again (L2 on Figs. 31, 32, and 34). During this lake-
dominated phase only localized limestone pods were 
developed. In addit:ion to the limestone pods, a widespread 
marlstone was also formed. This material is represented by 
a highly calcareous yellow siltstone horizon found 
throughout the area. A larger sediment influx into this 
lake_ system may have hindered the development of a more 
widespread limestone body. The additional sediment may have 
been the result of one or more streams flowing into the 
lake. This is the last lake phase represented in the study 
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area and its demise is represented by the development of 
another lignite bed. 
The conditions necessary for the return of a lacustrine 
dominated system are the formation of a basin to contain the 
lake, a rise in the water table, or both. The formation of 
this basin may have been due to compaction of the earlier 
sediments or possibly due to tectonic activity in the 
Williston Basin, such as renewed development of the Nessen 
Anticline to the east. 
The remainder of the exposed strata is interpreted to 
represent fluvial and associated flood plain deposits. 
Although another widespread lignite unit, the Mormon bed, is 
present in this interval, its environment of deposition is 
not thought to be associated with a large lake system. The 
units directly underlying the Mormon lignite do not exhibit 
the characteristics associated with the lacustrine 
sequences. Based on its thickness and continuity, it 
appears that the Mormon lignite may have been developed on a 
large floodplain associated with a stable river system. 
The final depositional phase was ari extensive fluvial 
system which is thought to be represented by the "upper 
sand" of the Sentinel Butte Formation (SS4 on Figs. 31 and 
33). This river probably was larger and stronger than the 
previous river systems, as indicated by the large, well-
developed trough crossbedding in this unit. The anomalous 
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grain size of this sandstone probably represents a period of 
rejuvenation in the source area. 
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PROVENANCE AND PALEOFLOW DIRECTIONS 
A common question concerning the Paleocene deposits of 
North Dakota and adjacent Montana is in regard to the source 
area for the sediments. Suggested possibilities have been 
the Black Hills of south Dakota (S~einer, 1978), the Powder 
River basin of Wyoming (Winczewski, 1982; Flores, 1983, 
1988), the Elkhorn Mountains of western Mon-t:"ana (Cherven and 
Jacob, 1985), and the area to the ~orthwest in Canada 
(Nesemeier, 1981; Wallick, 1984). 
On the basis of paleoflow directions and petrologic 
data, most interpretations have pl3.ced the source area to 
the west or northwest. However, a persistent hypothesis is 
that the sediment was derived fron the Powder River Basin in 
northeastern Wyoming (Winczewski, 1982; Groenewold and 
Winczewski, 1982; Flores, 1983, 1988) (Fig. 36). This 
hypothesis is inconsistent with all reported paleocurrent 
data for the Sentinel Butte and Bullion creek Formations. 
Winczewski (1982) attempted to reconcile this discrepancy by 
proposing that the flow out of the Powder River Basin was 
qiverted southeastward after passi~g around the northern end 
of the Cedar Creek anticline (Fig. 37). However, as pointed 
out by Daly and others (1985), the:::-e is no evidence for a 
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Figure 36 Paleocene fluvial drainage patterns for the 
Williston and Powder River Basins. 
From Flores (1988, p. 71). 
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Figure 37 Regional Paleocene fluvial setting for the 
Williston and Powder River Basins. 
Pluvial setting as interpreted by Winczewski 
(1982, Figure 20). The flow cycles are (1) 
prediversion, (2) initial fl.ow along the axis of 
the Williston Basin due to basin subsidence, (3) 
later flow down regional paleoslope and a return 
to (1) due to sediment accumulation, with flow 
outside the basin. 
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northward-flowing river system north of the Powder River 
Basin. 
More recent investigations have concluded that the 
rivers flowing out of the Powder River Basin were diverted 
eastward, and drained between the Black Hills and the Cedar 
Creek anticline (Flores, 1986, p. 95; Seeland and others, 
1989) (Fig. 38). This concept better fits the paleoflow 
data, in that the south and southeastern flow out of the 
Williston Basin would eventually connect with the flow out 
of the Powder River Basin. The combined drainage would have 
then presumably followed the retreat of the Cannonball sea 
to the south and southeast. 
A somewhat different paleoflow-direction is shown by 
the measurements taken from the sandstones in this study 
area (Fig. 38). A mean flow direction of 203° was derived 
from 56 measurements taken from small and large-scale 
crossbedding features observed in the concretionary 
sandstones (Fig. 39). This is an 83° deviation from the 
grand mean of 120° reported by Royse (1970) for the outcrops 
between the basal and upper Sentinel Butte sandstones (Fig. 
38). A larger deviation is noted when the measurements 
taken from the "upper sand" in this area are compared to 
those reported by Royse. He reported a grand mean of 111° 
for the "upper sand." In contrast, a grand mean of 220° was 
determined from-the "upper sand" of this study. 
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Figure 38 Regional paleocurrent directions. 
1) "Upper sand" of the Sentinel Butte Formation (this 
study) 
2) All measurements from the Sentinel Butte 
Formation (this study) 
3) Tongue River Formation (Lepp, 1981) 
4) Sentinel Butte Formation {Cherven, 1973) 
5) sentinel Butte Formation (Johnson, 1973) 
6} Sentinel Butte Formation (Nesemeier, 1981) 
7) Sentinel Butte Formation, exclusive of the 
basal and "upper sand" (Royse, 1970) 
8) "Upper sand" of the Sentinel Butte Formation 
(Royse, 1970) 
9) Bullion Creek Formation (Wallick, 1984) 
10} Bullion Creek Formation (Perkins, 1987) 
11) Sentinel Butte Formation (Kulland, 1975) 
12) Sentinel Butte Formation at the Falkirk Mine 
(Logan, 1981) 
13) Sentinel Butte Formation at the Glenharold 
Mine (Logan, 1981) 
14) Sentinel Butte Formation at the Center Mine 
(Logan, 1981) 
15) Ravenscrag Formation (Early Paleocene) 
(Carrigy, 1971) 
16) Paskapoo Formation (Early Paleocene) 
{Carrigy, 1971) 
17) Regional drainage out of the Powder River 
"Basin during deposition of the Tongue River 
Member (Flores, 1986; Seeland, 1989) 
I 
l 
I 
., t 
' t 
~·· 15 
84 
-------------------------
- J. 
0 
. Scale 
--, 
15
~miles 
150 km 
+ 
Nesson 
AnticDne 
ND 
SD 
NE 
42° 
1.:: 
!,,"'. 
, ... ,~ ... 
.,,:. •i,-~, 
.\·,;:;it:'-~ 
""·~····~ ,,, ... ,,, ... 
"":'~"'I' 
·;:;;::r:ll~ 
.J.. 
.... 
85 
Figure 39 Rose diagrams of paleocurrent measurements. 
Upper diagram includes the 56 measurements taken 
in the study. Lower diagram represents the 
measurements taken only from the 11 upper sand." 1 ··· 
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The prominent difference in paleoflow directions 
between this study and the other flow data illustrated in 
Figure 38 may be due in part to the stratigraphic .interval 
from which the measurements were taken.· Unlike other 
studies, many of the measurements in this study were taken 
from the upper part of the formation. This data may reflect 
a possible shift in flow direction through late Paleocene 
time. 
Another hypothesis for the anomalous flow directions is 
that the Nessen Anticline may have had some control over the 
drainage in this area. The Nesson Anticline is a north-
south trending feature approximately 30 kilometers {18 
miles) to the east of this study area. If it was a positive 
feature during the deposition of the Sentinel Butte 
sediments, the Nesson Anticline may have caused a diversion 
of the regional drainage in this area. It may also be 
expected that some thinning of units would occur over the 
structure. 
The Nesson anticline was first recognized on the basis 
of lignite outcrops along the Missouri River in southeastern 
Williams County (Collier, 1918). The main lignite bed used 
in this determination was the Williston bed, which also 
crops out in the current study area. Spencer (1978) mapped 
the occurrence of the main lignite beds (Table 3) in drill 
holes in southeastern Williams County and produced isopach 
and structure maps of these beds. Spencer's structure maps 
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reveal the presence of the Nessen Anticline, although his 
isopach maps of the Pittsley and Williston beds do not 
indicate any thinning of these units over the anticline. 
In an effort to determine if the raw data might suggest 
any interpretation contrary to that of Spencer, maps were 
constructed showing the data for the Pittsley, Avoca_,. and 
Williston beds in southeastern Williams County. These data 
are the same as used by Spencer with a few additional drill 
holes. Figure 40 shows the distribution of drill holes used 
in this area. The reference data for each drill hole are 
given in Table 7, and the location and stratigraphic 
information are given in Table 8. 
So as not to clutter the maps, no contour or isopach 
lines are drawn; however, the approximate trace of the 
Nessen anticline is indicated on each map. The elevation 
data plotted for each bed are given as the number of feet 
above a given horizon (either 1800' or 2000'); this was done 
to make it easier to see the influence of the Nessen 
Anticline upon the three lignite beds. The thickness data 
for the Pittsley bed suggest a possible thinning of this 
unit over the anticline (Fig. 41). However, the data for 
the Avoca and Williston beds, which are stratigraphically 
higher, do not suggest any thinning of the units over the 
anticline (Figs. 42 and 43). 
The thickness data for the lignite beds in the Nessen 
anticline area do not strongly support the hypothesis of the 
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Figure 40 Distribution and location map of selected drill 
holes in the Nessen Anticline area. '/! 
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Table 7-- Reference data for the drill holes used in the 
investigation near the Nessen Anticline. 
OFR Orig 
Hole# 78-168* hole# 
01 71 1514 
02 73 5408 
03 72 45 
04 61 169-1 
05 47 18 
06 43 5629 
07 42 1812 
08 46 3844 
09 W-4 
10 48 13 
11 49 2569 
12 62 169-2 
13 52 169-3 
14 W-3 
15 53 12 
16 51 19 
17 50 5310 
18 55 1895 
19 44 2007 
20 58 11 
21 56 17 
22 45 1214 
23 59 14 
24 57 16 
25 W-6 
26 W-2 
27 60 15 
28 
29 
30 5 
31 6 
32 W-10 
Reference 
NDGS well 
NDGS well 
NDGS well 
U.S. Geological Survey, 1976, 
Open-file Report 76-869 
Great Northern Rwy (1953-1955) 
NDGS well 
NDGS well 
NDGS well 
U.S. Geological survey, 1978, 
Open-file Report 78-888 
Great Northern Rwy (1953-1955) 
NDGS well 
U.S. Geological Survey, 1976, 
Open-file Report 76-869 
U.S. Geological survey, 1976, 
Open-file Report 76-869 
U.S. Geological survey, 1978, 
Open-file Report 78-888 
Great Northern Rwy (1953-1955) 
Great Northern Rwy (1953-1955) 
NDGS well 
NDGS well 
NDGS well 
Great Northern Rwy (1953-1955) 
Great Northern Rwy (1953-1955) 
NDGS well 
Great Northern Rwy (1953-1955) 
Great Northern Rwy (1953-1955) 
U.S. Geological survey, 1978, 
Open-file Report 78-888 
Cook and Spencer (1979) 
Great Northern Rwy (1953-1955) 
Armstrong (1967) 
Armstrong (1967) 
Spencer (1978) 
Spencer (1978) 
u.s. Geological survey, 1976, 
Open-file Report 78-888 
·Hole identification number used in Open-file report 78-168 
(Spencer, 1978) 
~------'········~ 
Table 8-- Location and stratigraphic data for the drill holes used in the investigation 
near the Nessen anticline. 
surface Thickness of Thickness of Thickness of Elevation of Elevation of Elevation of 
Hole# QQ Sec TWP RGE , Elevation \.lilliston bed Avoca bed Pittsley bed Williston bed Avoca bed Pittsle)I bed 
01 NE NE 34 156 96 2275 10.0 3.0 2166 1916 
02 SW NW 36 156 96 2326 9.0 4.0 8.0 2130 2090 1878 
03 NE NE 36 156 96 2355 6.0 3.0 2163 1958 
04 SE SE SE 1 155 97 2184 3.0 14.2 2037 1654 
05 SW NE 4 155 96 2190 12. 1 3.2 · 2151 2116 
06 NW N\.I 6 155 95 2331 6.0 4.0 7.0 2156 2119 1902 
07 NE NE 6 155 95 2322 12.0 3.0 9.0 2129 2091 1678 
08 SE SE 1 155 96 2349 10.0 6.0 7.0 2183 2151 1953 
09 SW S\.I S\.I 7 155 96 2150 4.0 2.0 13.0 2061 2034 1814 
10 N\.I SE . 8 155 96 1985 13.5 1911 
11 SIi NE 10 155 96 2207 6.0 1919 
12 SE SE SE 14 155 97 2200 10.7 4.6 2054 2025 
13 SI,/ SIi NII 19 155 96 2181 4.5 2.6 2082 2060 
14 NE NW SIi N\.I 29 155 96 2145 15.0 1842 
15 NIie 21 155 96 1960 12.6 1895 
16 NE NE 15 155 96 2205 10.8 3.4 2133 2096 
17 NII NW 13 155 96 2319 13. 0 6.0 9.0 2157 2119 1908 \.0 18 SW NE 22 155 96 2089 6.0 1899 I-' 
19 NW NW 21 155 95 2103 10.0 1923 
20 NW NII 28 155 96 1930 7.6 1906 
21 CE E\.I center line 27 155 96 2045 15.6 1955 
22 SE SE 30 155 95 2086 8.o 1928 
23 NII NII 33 155 96 1925 11.8 1915 
24 SIi SIi 27 155 96 2010 14.7 1926 
25 NII NII SE NII 32 155 95 2065 8.0 1925 
26 SE SE SE 25 155 95 2019 9.9 1923 
27 SW SIi 33 155 96 1948 9.2 1908 
28 NW NE NII 4 154 95 2000 
29 SW SIi NW 12 154 96 1960 3.0 1902 
30 SWc NE NII NE 8 154 95 2153 4.0 1995 
31 S NW SIi SE 9 154 95 2250 6.0 1989 
32 SIi SI,/ SW SIi 9 154 95 2275 11.0 3.0 9.0 2223 2170 1975 
All thickness and elevations are given in feet. 
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Figure 41 Maps of the elevation and thickness data for the 
Pittsley lignite bed in the Nesson Anticline area. 
The dashed lines represent the approximate axial 
trace of segments of the Nesson Anticline. I 
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Figure 42 Maps of the elevation and thickness data for the 
Avoca lignite bed in the Nessen Anticline area. 
The dashed lines represent the approximate axial 
trace of segments of the Nesson Anticline. 
I 
95 
Elevation of the Avoca bed relative to 2000' 
.. 
90 / 
.. •' 
, -
_.}:. 
'<>-· 
.. 
.. k- + + 
3 
.. 15 
. 
•' 
.. + 
4 .. 
.. 97 .. 119 
.. + 
25 IP ... 
. -- ' 
,, 
'• 
'•, 
·•. 
,ii:J·. 
+ •• •• 
R.97W. R. 96W. R. 95 w. 
Thickness of the Avoca bed (ft.) 
.. · 
4.0 .. 
+ 
.. ~· 
.• In~ -
--- ,• 
.• I. + + 
3.0 .. 6 . 
. .. + 
: .0 3.4 •' 6.0 ... 
... ,• + 
4.6 
+ 26 
·· ... 
'•, 
', 
,, 
·· ... 
'• 
a:o·· .. 
... ·· .. 
. .. 
R. 97W. R.96W. R. 95W. 
T. 156 N . 
T. 155 N. 
T. 154 N. 
T. 156 N . 
T.155 N. 
T. 154 N . 
1111 
"ii 
l i'~; 
,,., 
~": 
;j1 
L: 
.:ii! 
,,, 
.. , 
... 
,J 
96 
Figure 43 Maps of the elevation and thickness data for the 
Williston lignite bed in the Nessen Anticline 
area. 
The dashed lines represent the approximate axial 
trace of segments of the Nesson Anticline. 
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Nessen Anticline being a possible diversionary barrier 
during the time of deposition of the Pittsley, Avoca, and 
Williston beds. However, it should be noted that the "upper 
sand" was deposited much later and that the strata of 
equivalent age in the anticline area have been removed by 
erosion. Perhaps development of the anticline, which 
created the 23 to 46 meters (75 to 150 feet) of structure as 
indicated by the elevation data of the Williston and 
Pittsley beds, played a more significant role in forming a 
diversionary barrier during late Sentinel Butte time. 
'~ ,:i 
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CONCLUSIONS 
1) The "upper sand" marker unit of the Sentinel Butte 
Formation is well exposed in this area. The "upper 
sand" and Sentinel Butte tuff marker units are exposed 
in outcrops just south of this study area. Based on the 
position of these key beds, at least the uppermost 3/4 
of the Sentinel Butte Formation is exposed in this study 
area. 
2} Based on the projection of the Bullion Creek-Sentinel 
Butte formational contact from a region to the east of 
the study area, the Sentinel Butte Formation may be 
nearly 26 meters (86 feet) thicker than estimated by 
Royse (1967a). 
3) The strata in this area were deposited in alternating 
lake and river environments. These environments are 
identified on the basis of sedimentary structures, 
lithology, lithologic sequences, and fossil occurrences. 
4) Some of the limestones in this part of the Sentinel 
Butte Formation are interpreted to be of lacustrine 
origin on the basis of their texture. 
5) · The deposition of the Williston lignite bed may have 
been associated with a widespread lake system as 
evidenced by the presence of limestone-bearing 
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featureless clays and silts of lacustrine origin 
immediate.ly beneath the lignite. 
6) Based on the SSW paleocurrent direction obtained from 
this area and the SE paleocurrent direction from 
surrounding areas of previous studies, it does not seen 
likely that the source area for the Sentinel Butte 
sediments was the Powder River Basin as suspected by 
Flores (1988) and Winzewski {1982). 
Suggestions for future work 
1) The "upper sand" of the Sentinel Butte'Formation in this 
region should be mapped as far as possible to the east 
and south. Additional paleoflow data gathered from such 
a project would certainly aid in deciphering the 
paleodrainage during the late Paleocene. 
2) An intensive petrographic study of the "upper sand" in 
this area should be compared to petrographic studies on 
other "upper sand" localities in an effort to determine 
the provenance of the material as well as aid in the 
timing of rejuvenation events to the west. A study of 
this type would also provide petrographic criteria for 
future identificatio~ of this unit. 
3) Additional field work in the Nesson anticline region may 
provide the necessary data to determine if the anticline 
was an influential feature during the deposition of the 
Sentinel Butte Formation. Also, studies in this region 
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would help confirm or dispute the use of the Pittsley 
bed as the contact between the Bullion Creek and 
Sentinel Butte Formations. 
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APPENDIX 
Measured section Data 
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All unit thicknesses are given in meters and the 
cumulative thickness is in parenthesis. 
Measured Section A 
Located in SW 1/4, NW 1/4, NE 1/4, section 29, T. 153 
N., R. 99 W. Total thickness is 76.45 meters. 
Unit 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
Thickness 
0.60 (76.45) 
4.00 (75.85) 
0.50 (71.85) 
4.70 (71.35) 
0.15 (66.65) 
0.30 (66.50) 
0.05 (66.20) 
3.10 (66.15) 
0.15 (63.05) 
5.60 (62.90) 
0.50 (57 .30) 
0.30 (56.80) 
1.30 (56.50) 
Lignite, weathered, at top of butte. 
Claystone, slightly silty toward the top. Limestone pod 10 cm thick 
0.7 m above base of unit. 
Lignite, deeply weathered. Sharp upper and Lower contacts. 
Silty claystone with 2 lignite stringers approximately 10 to 15 cm 
thick, possibly of detrital origin. Abundant plant fragments in 
upper 20 cm. 
Weathered lignite. 
Siltstone, small-scale cross-bedding with interbedded organic 
laminae. Bioturbation is evident in the silt. 
Lignite, possible detrital accunulation of organic material to form 
this lignite. Part of the second period of lacustrine deposition 
CL2) indicated on the cross-sections of figures 31-34. 
Clayey silt very deeply weathered. No root traces visible except for 
upper 20 cm which has root and plant traces. Part of the second 
period of lacustrine deposition (L2) indicated on the cross-sections 
of figures 31-34. 
Lignitic shale with lignite stringers. Part of the second period of 
lacustrine deposition (L2) indicated on the cross-sections of figures 
31-34. 
· Clayey siltstone which coarsens upward. Structureless and free of 
organic material. Weathers to a yellowish-orange in the Lower 1.0m. 
·Doesn't appear fluvial on first inspection. Visually traceable in 
surrounding buttes to the east and NE. Small ripple laminations 
noted in upper 1.Sm. Yellow marker Layer. Part of the second period 
of lacustrine deposition (L2) indicated on the cross-sections of 
figures 31-34. · 
Limestone (micritic}. Yellowish color. Occurs in discontinuous 
pods. Part of .the second period of lacustrine deposition (L2) 
indicated on the cross-sections of figures 31-34. 
Claystone whitish gray with a 10 cm thick lignite stringer. Part of 
the second period of Lacustrine deposition (L2) indicated on the 
cross-sections of figures 31-34. 
Clayey very-fine·sandstone. Grading upward to a silty claystone and 
claystone. Very few plant remains. 
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28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
0.80 (55.20) 
4.40 (54.40) 
2.80 (50.00) 
1.10 {47.20) 
2.50 (46.10) 
0.30 (43.60) 
1.10 (43.30) 
1.30 (42.20) 
0.50 (40.90) 
2.40 (40.40) 
0.70 (38.00) 
0.30 (37.30) 
0.30 (37.00) 
3.40 (36.70) 
6.30 (33.30) 
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ClaystOl"le with a 3 cm lignite stringer in the middle portion. Sparse 
plant remains and few root traces .. It is possible that detrital 
organic material is responsible for the thin lignite. Sharp contact 
with overlying very-fine sand. 
Clayey silt with !nterbeds of silty clay. Massive to very-finely 
laminated with very sparse to no plant material. Interbeds are 
approximately 0.3 to 0.4 m thick and have gradational contacts. 
Gradational contact with overlying claystone. 
Clayey siltstone horizontally laminated with laminations up to 1.5 cm 
thick. Disseminated plant fragments define bedding. 0.5 m very-fine 
clayey sand lens in upper 1/3 of the unit. Root traces and plant 
fragments present in upper portion. 
Clayey, very-fine sandstone. Small-scale cross-bedding with some 
plant material. ss2 of the cross.-sechons on figures 31-34. 
lnterbedded silty sandstone and silty claystone with organic debris 
defining the laminations. Calcareous concretions of silty very·fine 
sand are dispersed though the unit. Possible crevasse splay over· a 
swafflP. SS2 of the cross-sections on figures 31-34. 
Lignite. 
Claystone, lower 0.4 mis dark grayish-brown with abundant root 
traces and plant fragments. Upper 0.7 mis gray claystone with fewer 
root traces and plant fragments. Massive structure in the clays. 
This split changes to a carbonaceous shale approx. 10 meters to the 
west. 
Lignite. 
Claystone, abundant plant fragments and root traces. Slickensides 
also present. Fairly-sharp contact at base. 
Clayey silt at base, grading up into clayey, very-fine sand in the 
middle. Planar laminated with small ripple laminations visible in 
the lower portion. Ripple laminae in the middle portion are defined 
by disseminated organic matter. Upper 0.5 m grades back to clayey 
silt and finally to slightly silty clay at top. Planar laminations 
of silt and clay in upper-most part of unit. Few plant fragments 
with roots, possibly from overlying unit. 
Claystone, dark brownish-gray at base, with abundant plant remains 
and some root structures. Platy structure due to the plant debris .. 
Lighter gray claystone at the top with fewer root traces and plant. 
Planar Laminations toward top. Grades into the overlying clayey 
silt. Coarsening upward from the·lignite of unit 18. 
Carbonaceous shale with thin (2-4 cm) lignite stringers. 
Claystone with abundant roots and plant fragments. Sample taken from 
10 cm below·top of unit. 
Clayey siltstone with possible paleosal development. Rooted 
throughout but sparse in middle portion. Calcareous except for upper 
0.5 meter. Finely laminated clayey silt possibly representing a 
levee depcsit. Grayish-brown (10YR 6/4) with rusty yellow bands in 
discontinuous horizons. 10 cm of possible Ae horizon and 20 cm of 
possible Bt horizon. 
Very fine-gr·ained sandstone with sharp lower contact. Possible clay 
balls at base. Fining up to silty clay/clayey silt. Interbeds of 
silt throughout this unit. Ripple lamination toward the top. Rare 
l 
13 1.30 (27.00) 
12 0.70 (25.70) 
11 0.60 (25.00) 
10 0.40 (24.40) 
9 1.50 (24.00) 
8 3.00 (22.50) 
7 4.90 (19.50) 
6 1. 70 (14.60) 
5 1.50 (12.90) 
4 2.00 (11.40) 
3 3.70 (9.40) 
2 1.20 (5.70) 
4.50 (4.50) 
- --- - ---------, 
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root traces in the upper portion. SS1 of the cross-sections on 
figures 31-34. 
Silty claystone, massive and structureless at base and planar 
laminated at top. Laminations defined by finely disseminated plant 
material. SS1 of the cross-sections on figures 31-34. 
Sandstone, with small-scale cross-bedding, silty, very fine-grained. 
These sand and silt/clay beds seem to taper in thickness ta the west 
along the outcrop. SS1 of the cross-sections on figures 31-34. 
Clayey siltstone. Finely laminated silts and clays with abundant 
organic debris defining the planar laminations. Possibly very Low 
flow conditions. 
Silty sandstone. Base of Large exposure of sandstone and siltstone. 
Small-scale cross-bedding with sets 2-3 cm thick. Disseminated plant 
material defining bedding. 
Covered interval including the upper portion of the clinker unit and 
the lower portion of the overlying sandstone unit. 
Clinker. Baked silt and clay mostly covered by grassed slope. 
Possibly a result of the Williston Lignite Bed burning. 
Clayey silt fining upwards to clay. Indistinct ripple laminations at 
base. No root traces. Baked lignitic shale makes up the upper 0.5 
m. Part of the first period of lacustrine deposition (L1) indicated 
on the cross-sections of figures 31-34. 
Claystone, upper contact marked by an oxidized layer. Sa~le taken 
from top contact. Part of the first period of lacustrine deposition 
(L1) indicated on the cross-sections of figures 31-34. 
Siltstone, poorly exposed and deeply weathered. Part of the first 
period of lacustrine deposition (L1) indicated on the cross-sections 
of figures 31·34. 
Claystone, 
Possibly a 
coarsening 
Lacustrine 
31-34. 
poorly defined contact with underlying sandstone. 
fining upward sequence in unit 4 to this claystone 
into the overlying unit. Part of the first period 
deposition (L1) indicated on the cross-sections of 
with 
of 
figures 
Sandstone, sharp base, fine-grained. Part of the first period of 
lacustrine deposition (L1) indicated on the cross-sections of figures 
31-34. 
Claystone. The sandstone below grades into this claystone within a 
few ems. Roots extending down from a 3 cm lignitic stringer. 
Lignite fragments abundant in upper 0.20 meters. Part of the first 
period of lacustrine deposition CL1) indicated on the cross-sections 
of figures 31-34. 
Sandstone, very fine-grained. Iron stained horizons. Small 
limestone pod at 2.7 m above base of unit, approximately 0.5 min 
diameter. At the 2.5 m level the sand changes to a more orangish 
color, it also becomes less well lithified. Part of the first period 
of lacustrine deposition (L1) indicated on the cross-sections of 
figures 31-34. 
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Measured Section B 
Located in SW 1/4, NW 1/4, SW 1/4, section 21, T. 153 
N., R. 99 W. Total thickness is 51.50 meters. 
Unit Thickness 
28 
27 
26 
25 
24 
23 
· 22 
21 
20 
19 
17 
3.00 (51.50) 
0.15 (48.50) 
4.50 (48.35-l-
1.00 (43.85) 
3.10 (42.85) 
0.25 (39. 75) 
5.60 (39.50) 
0.10 (33.90) 
4.90 (33.80) 
3.30 (28.90) 
0.70 (25.60) 
0.50 (24.90) 
Silty(?) claystone, deeply weathered and light colored. 
Lignite, deeply weathered with a detrital appearance. No large plant 
fragments. 
Clayey siltstone, deeply weathered, possibly fining upward to silty 
clay. Some ripple lamination of lenticular bedding noted in middle 
portion of unit. 
Carbonaceous shale, deeply weathered. Thin lignite stringer noted at 
base approximately 5 cm thick. 
Clayey siltstone, yellowish and deeply weathered. This unit 
correlates with the yellow marker bed of section A (unit 32). ttighly 
calcareous. Part of the second period of lacustrine deposition (L2J 
indicated on the cross-sections of figures 31-34. 
Lignite, woody, with sharp upper & lower contact. Part of the second 
period of lacustrine deposition (L2) indicated on the cross-sections 
of figures 31-34. 
Silty claystone. This unit is layered into orange and light gray 
bands between 5 and 20 cm thick. It coarsens upward slightly. The 
unit is very finely laminated at the base. At the 1.5 m level there 
is a 10 cm thick silt bed with small-scale cross-bedding, above this 
silt layer the unit grades back into a finely laminated silty 
claystone. No plant remains are found in this unit, suggesting a 
possible lacustrine environment. Part of the second period of 
Lacustrine deposition (L2) indicated on the cross-sections of figures 
31·34. , 
Carbonaceous, reddish-brown paper shale. 
Siltstone, clayey at .base with disseminated plant fragments· on 
parallel laminations. Amount of plant material decreases upward to 
the 4.5 m level then.increases again. As the amount of plant 
material decreases the unit becomes more massive. At the 3.0 m level 
there is a 30 cm cleaner silt bed. At 4.5 m the unit gets clayeyer 
and has abundant plant remains and root traces. 
Sandstone. Lag-like concretions showing cross bedding. Possible 
small-scale climbing ripples just above a small-scale trough 
cross-bedded zone. Thin, cemented, concretionary horizon at 1.8 m. 
Above this horizon the bedding is pranar laminated. SS2 of the 
cross-sections on figures 31-34. 
Sandstone,planar laminated, with very organic rich interlayers. 
Grades quickly from clean sand .into the l ignitic sand near the base 
but gradually grades back into the clean sand at the top. SS2 of the 
cross-sections on figures 31-34. 
Sandstone, sharp Lower contact marked by a thin organic layer. 
Appears structureless. Upper contact is gradational. SS2 of the 
cross-sections on figures 31-34. 
' 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
2.20 (24.40) 
0.40 (22.20) 
1.40 (21.80) 
1.20 (20.40) 
0.30 (19.20) 
1.20 (16.90) 
2.40 (17.70) 
0.20 (15.30) 
0.90 (15.10) 
0.25 (14.20) 
0.30 (13.95) 
o. 75 C 13.65) 
0.50 (12.90) 
0.60 ( 12.40) 
2.50 (11.60) 
9.30 (9 .30) 
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Siltstone, parallel laminated with clay at the base. Coarsens 
upward. Small·scale cross-bedding at some horizons near the base. 
Plant remains are rare. Organic debris allows cross bedding to 
become more apparent near the middle of the unit. 
Lignite with roots extending into unit 14. 
Claystone with abundant plant remains throughout, decreasing upward 
and then increasing in the last 10-20 cm. Structure changes from 
platy to massive. Lower boundary is indistinct; upper boundary is 
sharp. 
Lignite. 
Claystone with small lenses of anomalous silt. Abundant plant 
fragments and root traces. Slickensides conman. 
Clayey very-fine grained sandstone grading 
Indistinct cross bedding in lower portion. 
overlying lignite and/or claystone. 
up to clayey silt. 
Root traces from 
Silty fine to very-fine grained sandstone. Planar laminated to 
small-scale cross-bedded. Indistinct cross bedding at the 1 m level, 
overlain by ripple laminations with sets 2-3 cm thick. Cross-bedding 
sets possibly 10 cm thick trending SSW. Upper contact marked by a 
3-4 cm silty clay layer. 
Silty claystone. Gradational over 1 to 2 cm with lower unit. Sharp 
upper color contact. 
Claystone1 abundant plant remains which look like reeds or cattail 
stems. Roots visible. Bedding poorly defined. Almost a papery 
carbonaceous shale. Amount of plant material decreases toward the 
top. 
Lignite 
Claystone with at,;c,ndant plant fragments and sl ickensides. Dark 
greenish-gray to reddish-brown in color. Roots from the overlying 
Lignite. Lignitic in so'!"' zones. 
Siltstone with clayey laminations. The laminae are lenticular. Root 
traces are common. A 3 cm clay lens runs through 25 cm below top of 
unit. Sharp upper contact. 
Claystone, slightly silty towards top. Root traces, well preserved 
leaves and other plant fragments. Sharp color contrast at base. 
Parallel laminations. Gradational upper contact. 
Silty claystone with plant remains, planar laminations and indistinct 
ripple cross-laminations. Root structures. The laminations are 
wavy, possibly due to root action. Root traces and plant material 
becomes more abundant toward the top. 
Clayey siltstone, planar and ripple(?) cross-laminated. Plant 
remains and root traces first noticed at the 1.0 m level. The 
laminations are finer and the clay content is higher at the 1.5 m 
level. Also an increase in plant material from here to the top. 
Silty very fine-grained sandstone with no apparent structures. 
Yellowish-tan color with rusty yellow horizons throughout unit. 
Fines upward. Planar laminated or small-scale cross-bedded at the 
7.0 mlevel. Disseminated organic material defines the bedding 
- - --·~----------------, 
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surfaees. Lamination sets approximately 2 cm thick. Small-scale 
cross bedding at 8.5 m above base and continues to top of unit. SS1 
of the cross-sections on figures 31·34. 
Measured Section C 
Located in SE 1/4. NE 1/4, NW 1/4, section 20, T. 153 
N., R. 99 W. Total thickness is 34.61 meters. 
Unit Thickness 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
1.30 (34.61) 
0.40 (33.31) 
0.60 (32.91) 
0.50 (32.31) 
3.50 (31.81) 
0.20 (28.31) 
1.80 (28.11) 
1.20 (26.30) 
0.40 (25. 10) 
3.40 (24. 70) 
2.10 (21.30) 
Slightly silty(?) claystone. Yellowish·orange, visually traceable in 
surrounding buttes. Unit may be thicker because upper contact has 
been eroded away. 0.5 meter thick limestone pods found within this 
unit. Some have abundant plant remains. Yellow marker unit (see 
unit 24 of Section 8 and unit 32 of Section A). Part of the second 
period of lacustrine deposition (L2) indicated on the cross·sections 
of figures 31-34. 
Carbonaceous shale with stump in probable growth pos1t1on •. Abundant 
plant remains and thin lignite stringers. Part of the second period 
of lacustrine deposition CL2) indicated on the cross-sections of 
figures 31·34. 
Claystone with conmon root traces and rare plant fragments. Part of 
the second period of lacustrine deposition (LZ) indicated on the 
cross-sections of figures 31-34. 
Silty claystone with rare root traces. Planar laminated. Part of 
the second period of lacustrine deposition (L2) indicated on the 
cross-sections of figures 31-34. 
Claystone, slightly silty in some places, also horizons of clayey 
silt approximately 5 to 10 cm thick. The silty horizons contain 
small-scale cross-bedding whereas the rest of the unit is planar 
laminated. Part of the second period of lacustrine deposition (L2) 
indicated on the cross-sections of figures 31-34. 
Lignite. 
Claystone (slightly silty). Root traces c01T1110n. Silt content is 
highest at the base and decreases upward. Slickensides and some 
plant fragments toward top. Massive structure. Thin lignite seam 20 
cm below top. Very "popcorny" tel'.ture. 
Clayey siltstone, ripple and parallel laminated. Root traces and 
some possible.burrows. 
Siltstone with gradational upper and lower contacts. 
Clayey siltstone, ripple to planar· laminated. Root traces are rare. 
Two or 3 thin organic horizons. Silty claystone horizon 5 to 6 cm 
thick located 0.4 m below top. Plant fragments cOfflllOn in this 
horizon. 
Siltstone, coarsening upward to sandy siltstone at top. A 20cm thick 
organic rich layer occurs approximately 0.7 m up from base of unit. 
Small-scale cross-bedding. 
"' :,, 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
T. 
2 
0.70 (19.20) 
0.60 (18.50) 
0.50 (17.90) 
1.20 (17.40) 
1.30 ( 16.20) 
0.80 (14.90) 
0.80 (14.10) 
0.30 (13.30) 
0.20 (13.00) 
0.30 (12.80) 
0.60 C 12.50) 
0.70 (11.90) 
0.30 (11.20) 
0.70 (10.90) 
0.30 (10.20) 
0.70 (9.90) 
0.60 (9.20) 
3.80 (8.60) 
4.80 (4.80) 
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Clayey siltstone, cross bedded and parallel laminated. Rare root 
traces. 
Silty claystone, planar laminated with no plant or root traces. 
lloody lignite. 
Claystone with abundant plant fragments and root traces. Grades from 
a light-gray to an olive brown color. 
lloody lignite with petrified wood weathering out. 
Claystone with abundant plant fragments and root traces. Changes 
from a light gray in the lower 1/2 to a reddish brown in the upper 
1/2. Abundant slickensides. 
Clayey silt, small·scale cross·bedding with root races and plant 
fragments. Same of the laminations are very clayey and others very 
sit ty. 
Clayey sandstone. 
Silty claystone wiTh sharp upper contact. 
Silty sandstone with climbing ripples. Organic debris defining 
bedding. Some large plant fragments (rare). Main structure is 
planar laminated silty sandstone. 
Clayey siltstone. Coarsens upward from clayey fine silt to clayey 
coarse silt. Planar laminated at base and small-scale cross-bedding 
at top. Root traces rare. Organic debris defines the bedding. 
Claystone with abundant root traces and plant remains. Dark 
greenish·brown color. fewer plant fragments and root traces 
the top. Coarsens upward and changes to a light gray color. 
sedimentary structures noted. 
lloody lignite 
toward 
No 
Carbonaceous shale matted with compressions of reeds or cattails. 
Very abundant plant fragments and same root traces. Fewer plant 
fragments in the upper 10 cm, but root traces are more common. No 
woody fragments. 
Lignite, poorly developed. 
Claystone. Abundant root traces and plant fragments. Poorly exposed 
and deeply weathered. 
Sit ty clays tone with. abundant organic debris. Root traces common. 
Poorly exposed unit. Gradational upper contact. 
Clayey sit ts tone. Yel lowish·whi te weathered appearance with 
rusty-yel·low horizons spaced 5 to 25 cm apart. Dominantly a clayey 
siltstone, but has thin silty clay to clay horizons dispersed through 
the upper half. llell preserved leaf fossils found on the clayey 
bedding planes. Bedding is planar laminated to smal l·scale cross· 
bedded. Plant fragments define the bedding at the 1.0 m level and 
higher. ·-Root traces cOQll1on. 
Sandstone. Small·scale cross·bedding observed but no flow directions 
could be determined. Fining upward sequence. Possibly as much as 9 
meters of additional sandstone below base of exposed section. SS1 of 
the cross·sections on figures 31·34. 
, 
I 
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Measured Section D 
Located in NW 1/4, NE 1/4, NE 1/4, section 20, T. 153 
N., R. 99 W. Section measured from SW 1/4, NW 1/4, NE 1/4, 
NE 1/4 to the NE 1/4, NW 1/4, NE 1/4, NE 1/4. 
thickness is 69.10 meters. 
Total 
Unit Thickness 
61 
60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
4 .50 (69. 10) 
0.60 (64.60) 
2.50 (64.00) 
0.60 (61.50) 
0.60 (60.90) 
10.0 (60.30) 
0.60 (50.30) 
0.10 (49.70) 
0.60 (49.60) 
0.50 (49.00) 
1.50 (48.50) 
0.20 (47.00) 
0.10 (46.80) 
0.20 (46.70) 
0.40 (46.50) 
0.30 (46.10) 
2.60 (45.80) 
Siltstone with small-scale climbing-ripple cross-bedding. Planar 
laminations for first 30 cm, then changing to climbing-ripple 
lamination. Flow direction 167 degrees. No upper contact. Flow 
direction near top is 144 degrees. A 40 cm clayey siltstone layer is 
located at the 3.0 m level. Root traces at this level and in the 
upper 1.5 meters. 
Clayey siltstone. Contains an 8 cm thick claystone layer in the 
middle. Orangish, iron-oxide color. Planar bedded. 
Silty claystone. Abundant root traces. Abundant gypsum nodules. 
First 0.4 mis and olive-gray color. Large root traces in the lower 
portion, Next 1.3 mis a very dark brown-black color and contains 
wood fragments and gypsum. Possibly represents an infilled swamp; 
the same swamp which resulted in the Mormon lignite bed. Upper 0.8 
mis olive and only slightly silty. 
Clayey siltstone. Root traces, yellowish-tan, heavy slope-wash 
cover. 
Silty sandstone. Possibly cross-bedded. Deeply weathered. 
Covered interval. Deeply weathered. Most likely silty claystone and 
clayey siltstone. 
Clayey siltstone. 
Lignite. 
Claystone. Contains root traces ~nd is very deeply weathered. 
Clayey siltstone. Contains root traces, some of which are rather 
large. Mottled(?) 
Covered interval. 
Claystone. Bivalve fossils co«mon, although in very poor condit~on. 
Carbonaceous shale. 
Claystone. Abundant root traces. 
Silty claystone. Root traces and some small plant fragments. 
clayey siltstone. Parallel laminated with root traces and rare plant 
remains. 
Sandstone. Concretion shows planar laminations changing upward into 
small-scale clinbing ripples. Clay balls at base of unit. Upper 
r 
J 
l 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
26 
27 
0.10 (43.20) 
0.80 (43.10) 
0,90 (42.30) 
3.10 (41.40) 
0.10 (38.30) 
0.20 {38.20) 
0.40 (38.00) 
2.20 (37.60) 
0.60 {35.40) 
0.10 (34.80) 
0.40 (34.70) 
0.70 (34.30) 
7.00 (33.60) 
0.30 (26.60) 
1.80 (26.30) 
1.50 (24.50) 
0.40 (23.00) 
0.20 (22.60) 
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portion of unit contains plant fragments and a few root traces. 
Small-scale cross-bedding. Disseminated plant material on bedding 
planes in upper meter. 
Claystone. Sharp upper contact with sandstone, gradational lower 
contact. 
Clayey siltstone. Layers of varying clay content. "Popcorn" 
weathering, no fossils, wavy to parallel laminated. 
Silty claystone. Planar laminated to massive. No root traces or 
plants. 
Claystone. Fossiliferous, small clam shells approximately 3 mm in 
diameter and larger shells approximately 7 cm long. Plant fragments 
rare at base. Well preserved leaf fossils in upper portion. No 
plant fossils in uppermost meter. 
Carbonaceous shale. Abundant plant and lignitic fragments. 
Claystone. Abundant root traces. Some plant fragments. 
Lignite. Petrified stumps in growth position on butte to the SSW. 
Clayey siltstone. Ripple-laminated with c01TVTion root traces and plant 
fragments. Plant debris on bedding planes. Well developed "popcorn" 
weathering in upper meter. Abundant roots in upper 20 cm. 
Claystone. Planar laminated, Root traces rare. Some well-preserved 
plant fragments on bedding planes. 
Lignite. 
Claystone. Possibly silty claystone. Root traces and plant 
fragments rare. 
Clayey siltstone. Abundant well preserved leaf fossils on bedding 
planes. Small-scale cross-bedding. 
Clayey sandstone. Cross-bedded. No sign of a basal lag deposit. 
Interbeds of clayey siltstone and clayey sandstone with gradational 
contacts. Possible trough cross bedding in concretions. 
Disseminated plant material defines bedding in tower 1.5 m and again 
in the upper 1.5 m. Possible coarsening upward. Flow direction 
measurements of 170, and 155 degrees. 
Claystone.· Abundant root traces and plant fragments. Grayish-brown 
color. 
Lignite. Not visible in any surrounding buttes; buried under slope 
wash. 
Siltstone. Whitish marker unit. Weathers to a bright-white color. 
Cross-bedded and "clean." Parallel laminated in the lower 0.5 m. 
Some root traces from overlying lignite. Top 10 cm is a clayey 
siltstone with abundant roots. Flow direction 270 degrees. 
Claystone. Lower 25 cm contains abundant plant debris and lignite 
stringers. Olive-brown color. Top 15.cm is a whitish-gray color and 
is separated from the lower part by a 3 cm thick lignite seam. This 
whitish layer is probably genetically related to the overlying white 
silt. Abundant roots in the upper portion also, Sharp upper and 
lower contacts. 
Lignite. Weedy, with petrified (silicified) stU111Js weathering out. 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
0.30 (22.40) 
1.00 (22.10) 
3.50 (21.10) 
0.30 (17.60) 
0.20 (17.30) 
0.90 (17.10) 
1.80 (16.20) 
0.50 ( 14.40) 
0.20 (13.90) 
0.90 (13.70) 
0.30 (12.80) 
0.40 (12.50) 
0.40 (12.10) 
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Claystone. Brownish-red, with abundant plant remains. Base not 
exposed, so unit could be thicker. 
Covered interval. 
Clayey siltstone. Deeply weathered, lower 10 cm are lignitic. 
Alternating yellow and tan colored beds. Gives a yellowish tinge to 
the weathered surface in the lower 2.5 m. The upper meter is a 
grayish color. Parallel laminated, with few root traces and plant 
debris. Upper contact not visible. Part of the second period of 
lacustrine deposition (L2) indicated on the cross-sections of figures 
31-34. 
Lignite. lloody, with roots extending into unit 21. Part of the 
second period of lacustrine deposition (L2) indicated on the cross-
sections·of figures 31-34. 
Claystone. Fairy sharp upper and lower contacts. Abundant root 
traces and some plant debris. Part of the second period of 
lacustrine deposition (L2J indicated on the cross-sections of figures 
31-34. 
Silty claystone. Deeply weathered. Rare, small root traces. Root 
traces more common in top 10 cm. Fine laminations defined by higher 
silt content. Part of the second period of lacustrine deposition 
(L2) indicated on the cross-sections of figures 31-34. 
Clayey siltstone. Finely laminated and calcareous. Yellow and tan 
colored layers. Some horizons have small-scale cross-bedding. 
Gradational upper contact, making it difficult to determine. Dark 
gray color in upper portion. Finely laminated in upper 0.5 m. No 
root traces or plant debris. Deeply weathered. Fining upward 
sequence from here to next lignite. Part of the second period of 
lacustrine deposition (L2) ·indicated on the cross-sections of figures 
3i-34. 
Carbonaceous shale. Thin silty layers, fissile, organic-rich, and 
very finely laminated. Part of the second period of lacustrine 
deposition (L2) indicated on the cross-sections of figures 31-34. 
Clayey siltstone. Lignitic, dark reddish-brown with very abundant 
organic matter. Part of the second period of lacustrine deposition 
(L2) indicated on the cross-sections of figures 31-34. 
Clayey siltstone. Planar laminations to small-scale cross-bedding in 
lower half. Large plant or root fragments and numerous small root 
traces. Small roots become more abundant upward, and very abundant 
at top. Sedimentary structures in upper half same as below, although 
dominantly planar laminated. Clay filled root cavities or burrows, 
possible mudcracks. Fining upwards unit. Sharp upper contact. Part 
of the second period of \acustrine deposition (L2) indicated on the 
cross-sections of figures 31-34. 
Siltstone. Small-scale crass-bedding, rare root traces. Part of the 
second period of \acustrine deposition (L2) indicated on the cross-
secti ans of ffgures 31-34. 
Clayey siltstone. Parallel laminated. Root traces rare. Escape 
structures and/or burrows. Sharp upper contact. Upper centimeter is 
very clay-rich. Part of the second period of lacustrine deposition 
(L2) indicated on the cross-sections of figures 31-34. 
Claystone. Small root traces and plant fragments conman. 
Gradationa\ upper contact. Part of the second period of \acustrine 
deposition (L2) indicated on the cross-sections of figures 31-34. 
.i~" 
'I. 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
0.20 (11.70) 
0.40 (11.50) 
0.10 (11.10) 
0.30 (11.00) 
0.60 (10.70) 
0.60 (10.10) 
0.50 (9.50) 
2.30 (9.00) 
4.50 (6.70) 
0.30 (2.20) 
0.60 (1.90) 
0.60 (1.30) 
0.70 (0.70) 
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Carbonaceous shale. Abundant plant fragments and thin lignitic 
stringers. Some root traces. Lignite fragments cOfllllOn. Part of the 
second period of lacustrine deposition (L2) indicated on the cross-
sections of figures 31-34. 
Claystone. Abundant root traces from overlying carbonaceous shale. 
Disseminated plant fragments in upper portion. 
Lignite. Root traces extending into underlying units 
Clayey siltstone. Contains Cignitic root traces. 
Siltstone. Cross-bedding shows a flow direction to the NE. Root 
traces acting as nucleation sites for small concretions. 
Clayey siltstone. Plant fragments and root traces rare. Coarsens 
upward. Small-scale cross-bedding, with some layers showing climbing 
ripples. 
Claystone. 
toward the 
the top. 
Structureless. Some root traces and plant fragments 
top. A few well preserved leaf fossils. Siltier towards 
Clayey siltstone. Yellowish-gold color. Possibly equivalent to the 
limestone bearing units of the sections A, Band C. Some silty clay 
to clay lenses. Parallel laminations~. No root traces or plant 
fragments. Highly calcareous. Contact with overlying claystone 
marked by a thin organic-rich bed. Possible lake fill sequence. 
Claystone. Finely laminated, gray, no plant or root traces. At 
about the 1.5 m level, silt appears on the bedding planes. No plant 
material at the 2.0 m level. The upper 1.5 mis deeply weathered. 
Top 20 cm has thin lignitic stringers which seem discontinuous. 
Possible branches or roots; Non-calcareous. 
Lignite. Upper few centimeters a carbonaceous shale. 
Claystone. Slightly silty. Slickensides, root traces (some up to 
1.5 cm in diameter). Root traceable into overlying lignite unit. No 
apparent sedimentary structures. \lell developed •popcorn" 
weathering. " 
Clayey siltstone. Abundant root traces and some plant remains. 
Possible burrow marks. No distinct lamination in remainder of unit. 
Upper and lower contacts sharp. llell developed "popcorn" weathering. 
Ziltstone. Base of unit 
base of exposure. Plant 
ripple cross-laminated. 
horizon. 
not exposed. Thickness is measured from 
fragments and root traces COlllllOn. Planar to 
Upper contact marked by thin yellow-gold 
" ;t, ,, 
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Measured Section E 
Located in NE 1/4, SW 1/4, NE 1/4, section 28, T. 153 
N., R. 99 W. 
side of butte. 
Base of section started at outwash apron on SE 
Total thickness is 38.00 meters. 
Unit Thickness 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
1.10 {38.00) 
1.50 (36.90) 
1.20 (35.40) 
2.30 (34.20) 
1. 00 (31.89) 
0.20 (30.89) 
0.90 (30.69) 
4.50 (29.79) 
5.20 (25.30) 
0.40 (20.10) 
0.20 (19.70) 
0.40 (19.50) 
0.90 (19.10) 
0.40 (18.20) 
0.40 (17.80) 
2.00 (17.40) 
Covered to top. 
Siltstone. Yellow weathered surface. Possibly cross-bedded. Part 
of the second period of lacustrine deposition (l2J indicated on the 
cross-sections of figures 31·34. 
Sandstone. Cross-bedded with the characteristic yellow weathered 
surface. Part of the second period of lacustrine deposition (L2j 
indicated on the cross-sections of figures 31·34. 
Clayey siltstone. Calcareous, yellow weathered surface. 
second period of lacustrine deposition (L2J indicated on 
sections of figures 31-34. 
Part of the 
the cross· 
Silty claystone. Yellowish, calcareous. Limestone pod at this 
level. Base of the marlstone unit. Part of the second period of 
lacustrine deposition (L2) indicated on the cross-sections of figures 
31-34. 
Lignite. Part of the second period of tacustrine deposition (L2) 
indicated on the cross-sections of figures 31-34. 
Silty claystone. Part of the second period of lacustrine deposition 
(L2) indicated on the cross-sections of figures 31-34. 
Clayey siltstone. Yeathered deeply, making it difficult to determine 
any characteristics. Some horizons coarser (clayey silt or a silty 
sandstone) 
Sandstone. Planar laminated with organic debris defining the 
. bedding. Small-scale cross·bedding in upper 0.5 m. Some horizons 
look "cleaner" than others. Fines upward. SS2 of the cross-sections 
on figures 31·34. 
Clayey siltstone. Ripple-laminated. Sharp upper and lower contacts. 
Lignite. Upper bed of "coal-pair one." 
Claystone. Abundant root traces and slickensides. 
Yoody lignite with abundant petrified stumps and logs weathering out. 
This is the lignite that is traceable throughout most of the study 
area. Lower bed of 11coal-pair one. 11 
Clayey siltstone. Ahundant root traces and plant fragments. 
Clayey sandstone with root traces and small plant fragments. 
Cross-bedded sandstone. Fining upward. Not known if base of this 
ll'lit is exposed. Appears to overlie a clayey sandstone with 
disseminated plant material on the bedding planes. This sandstone 
unit has no plant material. 
,, 
:1' 
1 
l 
l j 
l 
I 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
0.60 (15.40) 
0.20 (14.80) 
0.20 (14.60) 
0.20 (14.40) 
0.90 (14.19) 
0.50 (13.30) 
1.00 (12.80) 
0 .80 C 11.80) 
0.30 (11.00) 
0. 70 (10. 70) 
1.50 (10.00) 
0.40 (8.50) 
1.00 (8.10) 
0.80 (7.10) 
1.20 (6.30) 
2.00 (5.10) 
1.60 (3.10) 
1.50 (1.50) 
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Covered interval which includes the top of unit 17 and possibly the 
base of unit 19. 
Clayey siltstone, planar laminated. 
Carbonaceous shale. Matted organic-rich layer. 
Lignite 
Claystone with abundant root traces, especially at the top. Well 
preserved leaf fossils. 
Silty claystone with well preserved plant fragments and leaves. 
Planar bedded with abundant· roo·c traces. 
Clayey siltstone, small-scale cross-bedding with rare root traces. 
Slightly silty claystone with well preserved plant fossils. No roots 
except in top 10 centimeters. Planar lamin'!,~~-·. 
Clayey siltstone, massive. -
Silty claystone, massive with no root traces. 
Clayey silt with climbing ripple lamination. 
Sandy siltstone with climbing ripples defined by organic debris. 
Slight "popcorn" weathering appearance. SS1 of the cross-sections on 
figures 31·34. 
Very fine-grained sandstone. SS1 of the cross-sections on figures 
31-34. . 
clayey siltstone. SS1 of the cross-sections on figures 31-34. 
sandstone, very fine-grained, somewhat silty. Small-scale climbing-
ripple cross-bedding. Limestone pod at this level on the northwest 
side of butte. SS1 of the cross-sections on figures 31-34. 
Sandy silt with climbing ripple laminations. Organic debris defines 
the bedding. SS1 of the' cross-sections on figures 31·34. 
Sandstone. Climbing ripples, fewer concretions than underlying unit. 
Some organic matter on bedding planes. Concretion on SW side of 
butte shows a transition from climbing ripples to plane bedding. The 
original ripple surface is shown perfectly. A transition back into 
climbing ripples (trough cross-bedding) is then shown. Paleocurrent 
directions 215, 207 degrees. SS1 of the cross-sections on figures 
31-34. 
Sandy siltstone with small-scale climbing ripple cross-bedding and 
log-like concretions. The climbing·ripples are defined by organic 
matter on the ripple surfaces. Small-scale trough cross-bedding and 
planar laminations present. Flow directions 196 and 204 degrees. 
SS1 of the cross-sections on figures 31·34. 
, 
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Measured Section F 
Located in SE 1/4, SW 1/4, SE 1/4, section 16, T. 153 
N., R. 99 W. Approximately 8 meters from top of measured 
section to top of hill. Total thickness is 81.41 meters. 
Unit 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
Thickness 
0.60 (81.41) 
1.00 (80.81) 
16.0 (79.81) 
0.50 (63.BO) 
2.10 (63.30) 
1.60 (61.20) 
1.50 (59.60l 
0.60 (58.10) 
0.10 (57.50) 
0.60 (57.40) 
1.00 (56.80) 
0.70 (55.80) 
o. 10 (55.10) 
7.90 (55.00) 
0.30 (47 .10) 
1.80 (46.80) 
0.30 (45.00) 
2.50 (44.70) 
Carbonaceous claystone. Very nearly a lignite. Black. Possibly 
part of the Mormon lignite bed. 
Lignite. Woody? The Mormon lignite bed described by Spencer 
(1978). 
Covered interval. Large covered interval buried by slope wash. 
Clayey siltstone. 
Silty sandstone. Organic debris on bedding surfaces. Abundant 
organic material at approximately 1.0 m above base. Ripple cross- to 
planar laminated. Flow direction to NNW. Possible crevasse splay, 
Clayey siltstone. Some disseminated plant fragments on bedding 
planes. Planar to ripple-cross laminations. 
Claystone. Root traces and plant fossils. 
Lignite. Upper 10 cm is a carbonaceous shale. 
Silty ~laystone. Abundant root traces and slickensides. Somewhat 
sandy in some areas. 
Sandy siltstone. Abundant root traces in upper portion. Abundant 
organic fragments on bedding planes in upper 20 cm. 
Clayey siltstone. Coarsens upward. Planar laminated with well 
preserved leaf fossils and disseminated organic material on bedding 
planes. Root traces rare. 
Claystone. Well preserved leaves and sterns. Parallel laminations 
and root traces. 
lignite. Some well preserved petrified stumps at this level,. 
Clayey siltstone. Well preserved plant remains (leaves, twigs, 
etc.) in lower 1.0 m. Dissemit1ated plant matter on bedding planes in 
parts on the rest of the unit. Some root traces. Bedding is planar 
laminated with some ripple cross-raminations. There seems to be an 
overall coarsening upward trend. The upper 0.5 mis very heavily 
weathered and calcareous. Some small log-like concretions in middle 
of the unit. 
Claystone. Root traces, plant fragments, and slickensides. 
lignite. 
Claystone. Abundant root traces and slickensides. 
Siltstone. White marker unit. Clayey for first 20 cm. Indistinct 
bedding, appears to be distorted by loading or bioturbation. 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
0.40 (42.20) 
0.30 (41.80) 
0.30 (41.50) 
0.30 (41.21) 
4.60 (40.91) 
0.20 (36.31) 
0.20 (36. 11) 
1.30 (35.91) 
0.30 (34.60) 
0.30 (34.31) 
0.20 (34.01) 
0.10 (33.81) 
0.80 (33.70) 
1. 00 (32. 91) 
1.40 (31.91) 
0.60 (30.51) 
0.40 (29.91) 
0.30 (29.51) 
1.40 (29-.21) 
0.90 (27.81) 
117 
Yellowish-white weathered color, light yellow to off-white fresh 
color. Upper portion is whiter on the fresh exposure than the lower 
part. Cross-bedded in upper meter of thickness. 
Claystone. Slightly silty, mottled, root traces. Greenish-gray and 
rusty gold color. Gypsum nodules present. 
Lignite. Top 5 cm is a carbonaceous shale. Sharp upper contact. 
ctaystone. Light-brown with abundant root traces and slickensides. 
Lignite. Rests on a carbonaceous shale of unknown thickness. Woody. 
Covered interval. 
Clayey siltstone. Parallel laminated. Poorly exposed. Upper 
contact not exposed. 
Siltstone. Sharp upper contact. 
Clayey siltstone. Planar laminated with disse«,inated organic debris 
on bedding planes. Some layers are "clean" silt (approximately 1 cm 
thick). Gradationat upper and lower contacts. 
Silty claystone. Organic rich and planar laminated in first 10 cm. 
Sharp color boundary where it changes from a reddish-brown to a 
yellow-tan in the upper 20 cm. 
Lignite. Doesn't appear to be woody. Very to slightly silty and/or 
sandy. Sharp upper and lower contacts. 
Siltstone. Dark reddish-brown color. Highly organic. Root traces 
present. 
Clayey siltstone. Abundant root traces and a sharp upper contact. 
Silty claystone. Abundant root traces, some large. Some small-scale 
cross-bedding. 
Clayey siltstone. Abund~nt root traces, some relatively large roots 
near the top. 
Siltstone. Coarsens upward. Smalt-scale cross-bedding with 
disseminated plant material on bedding planes. Root traces in the 
upper 30 cm. 
Clayey (fine) siltstone. Plant fragments and rare root traces. Part 
of the second period of lacustrine deposition (l2) indicated on the 
cross-sectiqns of figures 31-34. 
lignite. Woody, with a 5 cm thick organic ctaystone layer on top. 
Part of the second period of lacustrine deposition (L2) indicated on 
the cross-sections.of figures 31-34. 
Claystone. Abundant root traces and slickensides. Grayish, dark 
brown color. Probably as much as 0.7 m thick. Part of the second 
period of lacustrine deposition (L2) indicated on the cross-sections 
of figures 31-34. 
Covered. Includes, at least, the top of unit 20 and base of unit 22. 
Part of the second period of lacustrine deposition (L2) indicated on 
the cross-sections of figures 31-34. 
Clayey siltstone. Rare root traces, possible burrows, highly 
calcareous. Upper contact not exposed due to slope wash and 
J!I 
:, 
1:)1• 
i 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
1.80 (26. 91) 
0.20 (25.11) 
3.50 (24.91 l 
0.20 (21.41) 
0.10 (21.21) 
0.80 (21.11) 
0.20 (20.31) 
0.70 (20.11) 
0.70 (19.41) 
0.70 (18.71) 
0.50 (18.00) 
0.90 (17.50) 
5.00 (16.61) 
0.50 ( 11.60) 
1.30 (1L10J 
1 .60 (9;80) 
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vegetation. Limestone pods present. This is the yellow colored 
horizon which is traceable in the surrounding hills. Part of the 
second period of lacustrine deposition (L2) 1nd1cated on the cross-
sections of figures 31-34. 
Claystone. Heavily weathered .. Fissile, highly calcareous, and 
contains abundant root traces near the middle portion. Darker and 
more organic rich toward the top. Moderately to non-calcareous in 
upper 30 cm. Sharp upper contact. Part of the second period of 
lacustrine deposition (L2) indicated on the cross-sections of figures 
31-34. 
Carbonaceous shale. Part of the second period of lacustrine 
deposition (L2) indicated on the cross-sections of figures 31-34. 
Claystone. Slightly silty toward the top. No plant or root remains. 
Planar Laminated. Upper meter appears more massive. Some root 
traces in upper 1/2 meter. Bivalve shell fragments found 
approximately 1.0 m above base of unit. Part of the second period of 
lacustrine deposition (L2) indicated on the cross-sections of figures 
31·34. 
Carbonaceous shale. Abundant plant remains matted together. Part of 
the second period of lacustrine deposition (L2) indicated on the 
cross-sections of figures 31-34. 
Lignite, woody. 
Claystone. Contains root traces, slickensides and, abundant plant 
debris. 
Clayey sandstone. Abundant root traces and some small plant 
fragments. 
Sandstone. Possibly cross-bedded. Root traces conman, abundant near 
the top. 
Clayey siltstone. Coarsens upward, 
north. Organic material on bedding 
thick. Fairly sharp upp;r contact. 
cross-bedded with flow to the 
planes. Sets approximately 2 cm 
Root traces also present. 
Claystone. Abundant plant remains in lower and middle half of the 
unit. ~ell preserved leaves and some root traces. Upper 30 cm has 
much less organic material. 
Silty claystone. Sharp lower contact. Very hard. Root traces 
c?nmon. Cross-bedded with sets approximately 1.0 cm thick, showing 
flow to the north. 
Sandstone. Somewhat clayey. Cross-bedded with organic debris on the 
bedding planes. 
Clayey silts tone. Coarsens upward from a finer silt to a coarser 
silt and/or very·fine sand. Planar laminated at base with rare plant 
debris on bedding planes. Ripple-laminated toward the top, also with 
rare organic debris on bedding planes. Gradational upper contact. 
Lignite, woody, with petrified st~. 
Claystone. Slightly silty· toward top. Brownish-red near base and 
tan·brown toward the top. Abundant root traces and plant debris. 
Lignite; woody. 
, 
3 
2 
0.70 (8.20) 
1.20 (7.50) 
6.30 (6.30) 
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Clayey siltstone. Root. traces, disturbed bedding, slightly sandy at 
top. 
Covered. Probably a clayey siltstone. 
Sandstone with siltstone interbeds near the 2.0 m level. Lower 
contact of this unit is on an organic rich claystone. The sandstone 
itself is organic rich. The organic material defines the bedding, 
which appears to be trough(?) and/or climbing·ripples. No log-like 
concretions in the inmediate area to show well defined bedding. 
Uppermost part of the unit still contains plant debris on bedding 
planes. SS1 of the cross-sections on figures 31·34. 
Measured Section G 
Located in SW 1/4, NE 1/4, NE 1/4, section 15, T. 153 
N., R. 99 W. Section measured from the SW 1/4, NE 1/4, NE 
1/4 to the NW 1/4, NE 1/4, NE 1/4. 
meters. 
Totat thickness is 93.59 
Unit lh i ckness 
67 
66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 
7.20 (93.59) 
10.5 (86.40) 
B.80 (75.90) 
1.50 (67.10) 
0.30 (65.60) 
0.50 (65.30) 
7.50 (64.80) 
0.60 (57.30) 
0.80 (56.70) 
2.70 (55.90) 
1.20 (53.20) 
0.30 (52.00) 
1.10 (51.70) 
1.50 (50.60) 
covered to the top. Most likely all sand. 
Sandstone. Medium sand at base through approximately 3.0 m. At 
about 1.5 m above the base there is a 0.6 m thick sideritic horizon. 
This horizon appears to be sand, wood, and other plant fragments 
cemented together. This unit fines upward to a fine sand. Clay 
balls, some 20 cm in diameter, found near base. The 11upper sand, 11 or 
SS4 as shown in the cross-sections on figures 31-34. 
Covered. Most likely silts and clays. 
Silty claystone. 
Lignite 
Si l.tstone 
Sandstone. Fines upward. Cross-bedded, sets approximately 4 cm 
thick. Leaf fossils found. 
Claystone. Sharp upper contact 
Lignite 
Claystone with root traces. Dark color. 
Lignite, woody. Elevation approximately 2220'. 
Claystone with. root traces. 
c.overed 
Siltstone. Small-scale cross-bedding. Planar laminated toward top. 
Sharp lower contact. Upper contact covered. Possibly the white 
marker uni.!. Flow direction 180-185 degrees. 
1 
I 
l 
.~ 
I 
53 
52 
51 
50 
49 
48 
47 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
0.30 (49.10) 
0.30 (48.80) 
1. 90 (48.50) 
0.80 (46.60) 
1.70 (45.80) 
0.70 (44.10) 
0.20 (43.40) 
1. 10 (43.20) 
1.50 (42.10) 
0.20 (40.60) 
0.20 (40.40) 
1.30 (40.20) 
1.30 (38.90) 
1.10 (37.59) 
0.20 (36.49) 
0.90 (36.29) 
1. 00 (35 .39) 
0.30 (34.39) 
1.20 (34.09) 
0.40 (32.89) 
0.40 (32.49) 
0.40 (32.10) 
2.80 (31. 70) 
0.40 (28.90) 
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Claystone with root traces. Massive. 
Clay~y siltstone. 
Siltstone. Planar laminations and small-scale cross-bedding. Flow 
direction 130 degrees. Clay lenses toward the top. Flow direction 
at top, 160 degrees. 
Silty claystone. Finely laminated. Dark brown for first 20 cm. 
Some root traces. 
~oody lignite. The Mormon lignite bed of Spencer (1978). Fifty 
meters to the south this lignite was only 0.6 m thick. At about the 
one meter level there is a 20 cm thick parting of very organic-rich 
clay. Very similar to the black claystone in the upper part of 
-· Sections.D and F. 
Clayey sandstone. Ripple cross- to planar laminated silts and clays. 
Root traces throughout entire unit. Some sandy silts and silty 
clays. Thickest interbed is approximately 5 to 6 cm thick. A silty 
claystone marks the upper contact. 
Claystone. Gray and massive. Rare root traces. 
Covered 
Clayey silt. Planar laminated and small-scale cross·bedded. F_low 
direction 180 degrees. Abundant leaves and plant fragments on 
bedding planes. Burrows and root traces also noted. Some silty sand 
layers present. Locally well cemented zones within the unit. 
Silty claystone. Rare well preserved plant fragments and leaves. 
Finely laminated. 
Claystone. Abundant well preserved plant fragments. Finely 
laminated. 
Silty claystone. Root traces rare. Massive to planar laminated. 
Siltstone. Planar laminated. Root traces. Some sandy zones. 
Clayey at top. 
Silty claystone. Root traces. Planar bedded to massive. 
Lignite 
rlaystone with root traces, especially at top. Reddish dark brown at 
top. 
Clayey siltstone. Sharp lower contact. 
Sandstone. Small·scale cross-bedding. 
clayey siltstone. 
Silty claystone. 
Claystone with root traces. 
clayey siltstone. Gradational lower contact. 
Sandstone. Clay balls at base. Very fine-grained sand, almost a 
coarse silt. Small-scale cross-bedding. 
Silty claystone. 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
2.60 (28.50) 
0 .70 (25. 90) 
0.80 (25.19) 
0.80 (24.40) 
0.50 (23.60) 
2.50 (23.10) 
3.80 (20.60) 
0.20 (16.80) 
0.50 (16.60) 
0.80 (16.10) 
6.40 {15.30) 
0.30 (8.90) 
0. 10 (8.60) 
0.60 (8.50) 
0.30 (7.90) 
0.30 (7 .60) 
0.30 (7.30) 
0.70 (7.00) 
0.40 (6.30) 
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Claystone. Abundant organic fragments in first 20 cm. Upper 0.5 m 
contains abundant matted reeds. 
1/oody Lignite. 
Claystone. Slightly silty toward base. Finely Laminated for 
0.4 m, then massive. Root traces present, especially at top. 
Sl ickensides at top also. Uppermost ,few centimeters are very 
rich. 
first 
organic 
Clayey siltstone. Root traces get Larger and more common toward the 
top. Concretions (possibly around root traces) with cleaner and 
possibly coarser silt in the middle. Distorted laminations. Top is 
marked by a Lignitic organic rich Layer. 
Sandy siltstone. Clayey lenses and distorted bedding. Sharp upper 
contact. Concretionary. 
Clayey siltstone. Organic fragments on bedding planes. Planar 
laminated to small-scale cross-bedding. Some root traces. The silt 
is coarse. 
Sandstone. Small-scale cross-bedding with organic material on 
bedding planes. Fining upward through this unit and the following 
units up to the Lignite. Planar Laminated at the 2.5 m level with 
some root traces. Disseminated plant material on the bedding planes. 
Well preserved leaf fossils found in the sandstone, orientated 
perpendicular to the cross bedding. SS3 of the cross-sections on 
figures 31·34. 
S.il ty claystone. Ripple cross· to planar laminated. Some organic 
fragments on the bedding surfaces. 
claystone with root traces. Massive. Greenish dark-gay. Thin 
matted horizon (about 1.0 cm thick) on top containing abundant 
organic material. 
Woody lignite with abundant petrified stumps. Rests on a reddish 
claystone with abundant roots and slickensides. 
Covered interval which includes the top of unit 18. 
Silty sandstone. 
Silty claystone. Rusty-yellow. 
Silty sandstone. The sand is very fine-grained. Mollusk shell found 
with both halves together, but preservation is poor. Roots rare. No 
sedimentary structures visible. 
Clayey siltstone. Plant fragments as in unit 14. oxidized to a 
rusty-gold. Gradational upper and lower contacts. 
Silty claystone. Slightly silty. Root traces present. Plant 
fragments (reeds?) in the uppermost part. 
1/oody Lignite 
Silty claystone. Lower half is planar bedded, upper half is more 
massive. Silt content decreases upward. Most of the silt is on the 
bedding planes. Root traces noted. 
Clayey siltstone. Root traces noted. Planar bedded. Some lenses 
very clay rich. A few well preserved leaf fossils. 
10 0.40 (5.90) 
9 0.60 (5.50) 
8 0.50 (4.90) 
7 0.40 (4.40) 
6 0.60 (4.00) 
5 0.20 (3.40) 
4 1.00 (3.20) 
3 1.50 (2.20) 
2 0.20 (0.70) 
0.50 (0.50) 
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Silty sandstone. small-scale cross-bedding with root traces. 
Definitely a coarsening upward sequence to this point. 
Sandy siltstone. Small-scale cross-bedding and contains root traces. 
Clayey siltstone. Planar laminated with organic material on the 
bedding planes. 
Silty claystone. Ripple to planar Laminated. Few roots. 
Claystone. Slightly silty. Planar laminated with some root traces. 
Lignite 
Claystone. Slightly sHey: Root traces, some large. 
Clayey siltstone. Lower organic content than underlying unit. 
Mottled and contains abundant root traces in lower 0.5 m. Upper 
portion has root traces and planar Laminae with abundant disseminated 
organic material on bedding surface. Gradational upper contact. 
Clayey siltstone, very organic rich, almost like a rich soil. Could 
also be described as a dirty peat. Planar Laminations, abundant 
disseminated plant matter. Root traces. 
Siltstone, organic. Contains root traces, is somewhat clayey and 
mottled. 
Measured Section H 
Located in W 1/2, NW 1/4, NE 1/4, SW 1/4, section 23, 
T. 153 N., R. 99 W. Total thickness is 64.20 meters. 
Unit Thickness 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
2.50 (64.20) 
7 .so (61. 70) 
1.50 (54.20) 
3.00 (52.70) 
1.30 (49. 70) 
0.60 (48.40) 
0.30 (47.80) 
1 .20 (47 .50) 
0.60 (46.30) 
0.20 (45.70) 
0.10 (45.50) 
Covered interval. Lignitic soil at top of butte. 
Clayey siltstone, deeply weathered. Small-scale cross-bedding. 
Coarsens upward. llhitish. Flow direction 20 degrees. Possible 
crevasse splay deposit. 
Covered interval. 
Silty claystone, deeply weathered. 
Clayey siltstone with ripple-cross lamination. 
lignite, .woody. 
Claystone with root traces. Brown-red. Contains slickensides. 
Silty claystone, deeply weathered. Roots cDlllllon, yellow-brown. 
lignite. 
Claystone with abundant root traces. 
Lignite. 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
0.30 (45.40) 
4.30 (45.10) 
4.00 (40.80) 
0.40 (36.80) 
0.50 (36.40) 
2.90 (35.90) 
1.10 (33.00) 
0.90 (31.90) 
2.00 (31.00) 
2.70 (29.00) 
0.30 (26.30) 
1.30 (26.00) 
1.50 (24. 70) 
3.00 (23.20) 
0.60 (20.20) 
0.50 (19.60) 
1.00 (19.10) 
1 .30 (18.10) 
7.80 (16.80) 
0.70 (9.00) 
3.50 (8.30) 
123 
Claystone with conman roots. 
Silty claystone with abundant plant fossils. Thin lignite stringers 
representing possible large roots. One meter thick limestone pods 
near middle of unit traceable to surrounding buttes to north and 
west. Yellowish·white. Roots rare to abSent. Thinly laminated. 
Represents possible lacustrine deposition. Part of the.second period 
of lacustrine deposition (L2) indicated on the cross-sections of 
figures 31-34. 
Claystone with abundant gastropods and bivalves. Finely laminated 
with sharp lower contact. No root traces. Fewer fossils in upper 
meter of unit. 
Silty claystone. Abundant root traces and organic debris. Thin 
lignite (4-6 cm) at top. 
Silty sandstone. Organic debris on bedding surfaces. 
Clayey siltstone. Root traces colllllon. Units 17, 18, and 19 have 
been separated by a rusty-gold hori~on which possibly represents an 
epsilon cross-stratification surface which was exposed subaerially. 
SS1 of the cross-sections on figures 31-34. 
Sandy siltstone. Root traces rare. Ripple to wavy laminated. SS1 
of the cross-sections on figures 31-34. 
Silty sandstone. Root traces. Flow direction 143 degrees. SS1 of 
the cross-sections on figures 31-34. 
Clayey sandstone. Abundant organic material on bedding planes. 
Planar laminated. Some root traces. Clean sand lens at 1.5 m. SS1 
of the cross-sections on figures 31-34. 
Clayey sandstone. Sharp contact on lignite. Climbing ripples in 
sets approximately 1.5 cm thick. Paleocurrent direction is 15 
degrees. SS1 of the cross-sections on figures 31-34. 
Lignite. 
Claystone. Root traces,'p\ant fragments and pedogenic s\ickensides. 
Lignite. Directly overlies a claystone. 
Covered. Probably claystone or silty claystone. 
Lignite with petrified stLIT!ps weathering out. 
Claystone. Abundant roots and plant fragments. 
Clayey siltstone. 
Sandy siltstone. Small ripples and well preserved leaves present. 
Clayey siltstone. Well preserved leaves and reeds. Roots also 
present. 
Limestone. A somewhat locally cont.inuous horizon. 10 cm of clayey 
siltstone between the limestone and lignite. 
Lignite, woody. Williston lignite bed of Spencer {1978). A 10 cm 
thick cemented hori._zon of matted plants at base. 
i 
l 
J 
4 0.20 (4.80) 
.• 3 2.50 (4.60) 
2 0.20 (2.10) 
1.90 (1.90) 
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Silty claystone. Abundant plant fragments and roots. Part of the 
second period of lacustrine deposition (l2) indicated on the cross-
sections of figures 31-34. 
Clayey sandstone. Cross-bedded to planar laminated. Roots in upper 
portion. Part of the second period of lacustrine deposition (L2) 
indicated on the cross-sections of figures 31-34. 
Clayey siltstone. Cross bedded. Part of the second period of 
lacustrine deposition (L2) indicated on the cross-sections of figures 
31-34. 
Claystone. Base not exposed. Rare root traces and plant fragments. 
Slightly silty upwards. Base of this unit is approximately 10 to 15 
m above the shore line of Lake Sakakawea (ca. 1989). Part of the 
second period of lacustrine deposition (l2) indicated on the cross-
sections of figures 31-34. 
Measured Section I 
Located in SW 1/4, NE 1/4, NW 1/4, section 15, T. 153 
N. , R. 99 W. Started section at stream bed. From SW 1/4, 
NE 1/4, NW 1/4 to NE 1/4, NE 1/4, NW 1/4. 
is 103.20 meters. 
Total thickness 
Unit Thickness 
71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 
13.5 (103.20) 
0.10 (89.70) 
0.30 (89.60) 
9.20 (89.30) 
3.00 (80.10) 
1.50 (77.10) 
1.50 (75.60) 
1.10 (74. 10) 
0.20 (73.00J 
0.30 (72.80) 
0.60 (72.50) 
0.20 (71.90) 
The "upper sand." Abundant clasts of clay and silt. Possibly as 
much as 30' of additional sand above this in the adjacent hill. Flow 
directions 201, 210, 225 degrees. SS4 of the cross-sections on 
figures 31-34. ' 
Lignite, no wood noted. 
Clayey siltstone with root traces, plant fragments. Base covered. 
Covered interval of probable silts and clays. 
Claystone. Top and bottom contacts covered. 
Covered interval. Includes top of unit 65. 
Siltstone. 
Silty sandstone with abundant concretions. Ripple to planar 
laminated. Southerly(?) flow direction. Coarsening upward. 
Clayey siltstone. Concretionary. 
Claystone 1 organic rfch, gypsiferous, sharp upper contact. 
Lignite. 
Carbonaceous siltstone. Too coarse for a carbonaceous shale. 
Gradational lower contact. 
1t:: 
1 
l 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
0.40 (71. 70) 
2.00 (71.30) 
3.00 (69.30) 
0.25 (66.30) 
0.95 (66.05) 
0.50 (65.10) 
0.40 (64.60) 
0.80 (64.20) 
2.10 (63.40) 
2.10 (61.30) 
0.45 (59.20) 
0.35 (58. 75) 
1.20 (58.40) 
0.20 (57.20) 
0.30 (57.00) 
1.50 (56. 70) 
0.15 (55.20) 
0.70 (55.05) 
1.00 (54.35) 
0 .30 (53 .35 l 
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Sandy siltstone. Organic rich with abundant root traces and some 
larger plant fragments. 
Sandstone, base not exposed. 
Covered interval of probable clay or silty .clay. 
Carbonaceous shale. 
Lignite, woody. 
Claystone with root traces, abundant organic material, and 
sl ickensides. 
Clayey siltstone, poorly exposed. Ripples possible. Upper contact 
marked by orange-yellow horizon visible in outcrop. 
Sandstone with small-scale cross-bedding. 
Siltstone. Sharp upper contact. Concretions and possible climbing 
ripple and planar laminations. 
Silty claystone. Deeply weathered. Upper and lower 0.3 mare papery 
and have well preserved plant material on the partings. Shell 
fragments found in upper 0.3m. 
Lignite, woody. Upper split of the Mormon bed. 
Carbonaceous shale, silty. Black clay for first 10 cm, then becomes 
organic ri.ch and papery. 
Lignite, woody. Elevation approximately 2200'. Possibly the Mormon 
bed. 
Claystone with root traces, plant material, and slickensides. 
Siltstone with small scale cross-bedding. Flow to SSW. 
Interbedded claystone, silty claystone, and sandy siltstone. No one 
lithology over 10 cm thick. The sandy siltstone has dominantly 
distorted bedding, possible bioturbation and some small-scale ripple 
lamination. Occasional lignitic root traces or branches in the 
claystone. Gradational contact between the silty claystone and 
claystone; sharp contact between the sandy siltstone and claystone. 
Probably a crevasse deposit. Forms a "stepped" weathering pattern. 
Light tan (5Y 7/2). 
Claystone, gypsiferous with some organic material and a sharp upper 
contact. 
Sandy siltstone with small-scale cross-bedding and concretions. Thin 
clay Layer at approximately 0.5 m. Upper 15 cm has distorted 
laminations (bioturbated?). Portions planar laminated with some 
organic matter on bedding planes. Upper contact marked by 4 cm thick 
orange-yellow horizon (subaerial?J. Portions of the unit are more 
sandy. 
Claystone with root traces, a thin organic rich layer, well preserved 
leaf fossils (some large), and a sharp upper contact. Snails and/or 
clams poorly preserved. Upper contact marked by 3 cm thick 
yellow-orange horizon, possibly a subaerial surface. Gypsiferous. 
Nondescript silty clay and clayey silt. 
ltl: 
1 
1 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
1.60 (53.05) 
0.20 (51.45) 
0.40 (51.25) 
0.40 (50.85) 
1.60 (50.45) 
0.80 (48.85) 
2.10 (48.05) 
0.55 (45.95) 
1.10 (45.41) 
0.20 (44.31) 
0.25 (44.10) 
0.50 (43.85) 
2.40 (43.35) 
0.25 (40.96) 
1.75 (40.71) 
1.00 (38.96) 
0.30 (37.96) 
1.20 (37 .66) 
0.10 (36.46) 
0 .70 (36.36) 
6.80 (35.66) 
Cl-eyey siltstone. 
poorly lithified. 
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No structures visible, heavily weathered and very 
Ripple marks very faint. 
clayey siltstone with sharp upper and lower contacts. 
Silty claystone. Very organic rich in first 10 cm. 
Lignite, woody. 
Claystone, deeply weathered, upper 0.5 m contains abundant root 
traces. 
Sandstone, somewhat clayey. Small-scale cross-bedding. Concretions, 
root traces, sharp lower contact, gradational upper contact. 
Clayey siltstone with thin sandstone layers approximately 10 cm 
thick. Heavily weathered. Orangish-yellow in outcrop. Possible 
levee or proximal floodplain deposit. Root traces and concretions 
present. 
Sandstone with sharp upper and lower contacts. Organic material 
defining bedding plane surfaces. Small-scale trough cross· 
laminations. 
Silty claystone, poorly exposed. High organic content near base. 
Very sharp upper contact. 
Carbonaceous shale with poorly preserved mollusc fragments. 
Silty claystone with root traces. Gradational upper and lower 
contacts. 
Clayey siltstone. Planar laminated with organic material on the 
bedding planes. 
Silty sandstone wi'th clay balls at base. Small scale ripple 
lamination. Organic debris defining some bedding. 
Clayey siltstone with root traces, clay lenses, and some plant 
material. Gradational l9wer contact, sharp upper contact. 
Claystone with increased sllt content toward top. Abundant organic 
material. Purple-gray. Well preserved leaves and small branches in 
upper 0.5 m. Root traces throughout. Clams and snails found in 
upper 0.5 m also (very poorly preserved). 
Lignite, woody. 
Claystone, root traces conman. Gypsum nodules. Greenish-gray. 
Silty claystone. Mottled, with root traces and silt interlayers. 
Lignite. 
Silty claystone, planar laminated. Plant fragments c0ll'l110n with root 
traces, some large root traces from overlying lignite. Sharp lower 
contact. Lower 10-20 cm has abundant organic debris on bedding 
planes. Less silt toward top. 
Sandy siltstone with sandstone channels. The sandy siltstone is 
possibly the levee(?) deposit of the channel. The channel sand has 
abundant lignite fragments on the bedding surfaces and an erosional 
contact w;th adjacent sandy siltstone. Organic content decreases 
, 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
0.45 (28.86) 
1.80 (28.40) 
15.0 (26.60) 
1.20 (11.60) 
0.30 (10.40) 
0.95 (10.10) 
0.25 (9.15) 
0.20 (8.90) 
0.55 (8.70) 
1.50 (8.15) 
0.30 (6.65) 
0.45 (6.35) 
0.60 (5.90) 
1.15 (5.30) 
0. 10 (4.15) 
0.60 (4.05) 
0.10 (3.45) 
3.35 (3.35) 
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upward. Sandy siltstone .. is planar laminated with occasional plant 
fragments. Top 1 m has increased plant fragments and root traces 
appear. SS3 of the cross-sections on figures 31·34. 
Claystone with root traces, slickensides, and organic fragments. 
Fairly sharp upper contact. 
Lignite, woody. Overlies a claystone containing root traces. 
Covered interval, includes an approximately 1 meter thick 
carbonaceous siltstone and a thin lignite as well as siltstones and 
claystones. 
Siltstone, planar laminated. Upper contact not exposed. 
Silty claystone, planar laminated with rare root traces. 
Siltstone, ripple to planar laminated. Rare root traces. Fairly 
sharp upper contact. 
~ilty claystone, mottled and burrowed. Burrows extend into 
underlying unit. Gradational upper contact. Calcareous. 
Sandstone, small·scale cross-bedding. Gradational upper and lower 
contacts. 
Clayey siltstone with planar laminations and rare root traces. 
Gradational lower contact. Calcareous. 
Sandstone, ripple and planar laminated. Five cm clayey layer at 
approximately 1.3 m above base. Seems to get finer to the clayey 
layer then coarsen up again. Root traces in sand below clayey layer. 
Flow direction to the SW. 
Siltstone, ripple to planar Laminations. Rare clay balls. Upper 
contact marked by 2 cm thick silty claystone. 
Silty claystone, massive. Burrows into underlying unit, root traces. 
Sharp upper boundary. Calcareous, purplish-gray. Top 10 cm planar 
laminated and rusty oran~e. 
Silty sandstone. Clay balls in lower most portion, small-scale 
cross-bedding. Organic material defining bedding. Flow to NE. 
Concretions dispersed throughout unit. Upper contact sharp. 
Silty claystone, mottled, with possible burrows. Discontinuous 
ripple laminations. Sharp upper contact. 
Clayey siltstone with small-scale cross-bedding. Organic material on 
bedding planes. ·sharp upper contact. 
Clayey sandstone with erosional upper surface. Ripple laminations. 
Possibly some small-scale cross-bedding. Organic material conrnon on 
bedding planes. 
Silty claystone with sharp upper and lower contacts. Planar 
laminated with organic material on bedding planes. 
Sandstone, base not exposed. Clay balls approximately 2·3 cm in 
diameter found in lower 1 meter of exposure. Organic material 
defining apparent planar laminations. In some places possible small· 
scale cross-bedding approximately 1 cm thick. Organic material gone 
above 1.5m. Planar laminated to top. 
, 
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Measured Section J 
Located in NW 1/4, NE 1/4, NE 1/4, section 16, T. 153 
N., R. 99 W. Elevation at base of section is approximately 
2080'. 
Unit 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
Total thickness is 84.55 meters. 
Thickness 
18.0 (84.55) 
4.00 (66.55) 
10.5 (62.55) 
1.50 (52.05) 
0.50 (50.55) 
2 .. 00 (SO.OS) 
1.00 (48.05) 
0.70 (47.05) 
2.20 (46.35) 
1.20 (44.15) 
1.10 (42.95) 
1.90 (41.85) 
1.30 (39.95) 
0.30 (38.65) 
1.50 (38.35) 
0.80 (36.85) 
0.80 (36.05) 
0.60 (35.25) 
1.10 (34.65) 
1.10 (33.55) 
Sandstone, medium-grained and trough cross-bedded. Sharp erosional 
base. SS4 of the cross-sections on figures 31-34. 
Covered. ·Poorly exposed. Rusty-yellow horizon included in this 
interval. Top of this interval is lignitic. 
Clayey silt and silty clay undifferentiated. 
Claystone with two lignite stringers approximately 10 cm thick. 
Plant fragments and leaf fossils on laminations. 
lignite. 
Silty sandstone. Coarsens upward from silt to silty sand. Uppermcst 
portion contains root traces. 
Claystone with well preserved leaf fossils and other plant fragments. 
Thinly laminated. Gradational upper contact. 
Lignite, woody. 
Covered. Includes top of unit 40 and a sandy unit underlying the 
lignite above. 
Clayey siltstone. Some cross-bedding. Upper contact not exposed. 
Claystone with lignitic ~tringers and some root traces. Estimated 
thickness due to heavy weathering. 
Siltstone, heavily weathered. Rusty-yellow horizon in the middle and 
top. 
Claystone, laminated and contains well preserved leaves and plant · 
Fragments. Thin (2 cm) lignite stringers near middle of unit. Some 
root traces and invertebrate fossil fragments. 
Carbonaceous shale. Organic rich, laminated claystone. Root traces 
and abundant well preserved plant fragments. 
Claystone with root traces, plant fragments, and leaves. 
Lignite, woody. The Mormon lignite bed. 
Clayey silt with abundant root traces. 
Silty clay with rusty-yellow horizons. 
Siltstone. Cross-bedded. Flow direction to the north. Sharp upper 
contact. Coarsens upward. 
Clayey silt. Shell fragments, plant fragments and leaves. Lower 
contact organic rich. Rusty-orange horizons within unit, possibly 
5. 
, 
I 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
1.30 (32.45) 
1.70 (31.15) 
0.40 (29.45) 
a.so <29.0S> 
0.90 (28.55) 
1.30 (27.65) 
7.00 (26.35) 
1.50 (19.35) 
0.50 (17.85) 
1.00 (17.35) 
0.80 (16.35) 
0.10 (15.55) 
2.45 (15.45) 
3.20 (13.00) 
1 .oo (9.80) 
1.30 (8.80) 
0.25 (7.50) 
1.00 (7.25) 
0.20 (6.25) 
0.85 (6.05) 
0.40 (5.20) 
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indicating subaerial exposure. At least 3 organic rich horizons with 
well preserved leaves. Small clams found in the clayey silt. Upper 
contact gradational over 10 cm. 
Silty clay. Poorly exposed. Shell fragments on surface. 
Sandy silt. Coarsens upward. Most likely a crevasse deposit. 
Lignite, woody. Possibly the Mormon bed. 
Claystone with abundant root traces and plant fragments. 
Clayey siltstone. Rare root traces, heavily weathered. Possible 
molluscan fossils from this unit. Shell fragments on the surface. 
Sandy siltstone. Fairly sharp grain size change with underlying 
unit. Clay rich, cross-bedded, with gradational upper contact. 
Sandstone, fine to mediLJTI·grained. Planar lamination only type of 
bedding noticeable. Rip-up clasts of clay and lignite. Lignite 
debris on various horizons through the unit (< 10 cm thick 
horizons). Upper most meter is highly calcareous and well cemented 
in some areas. Lower 6 meters is very poorly cemented. Rusty-orange 
horizons associated with lignitic layers, SS3 of the cross-sections 
on figures 31-34. 
Claystone. Bottom and upper 10 cm are carbonaceous with abundant 
root traces and plant fragments, including leaves. Gypsiferous and 
has large lignitic root traces. Upper contact very sharp. 
Lignite with large petrified stumps weathering out. 
Claystone with abundant root traces and plant fossils. Slickensides 
present. 
Silty clay, planar laminated with rare root traces. 
Lignite. 
Silty claystone, P.lanar laminated with abundant organic material on 
the bedding planes. Silt content decreases upward. 
Clayey siltstone, upper and lower contact marked by a rusty-orange 
horizon. At least three additional similar horizons within the unit. 
Planar laminated with abundant organic material on the bedding 
planes. 
Sandy claystone. Planar laminated with organic debris on bedding 
planes. Some small-scale ripples. 
Clayey siltstone. Planar Laminated with rare root traces and a 
gradational upper contact. 
Claystone with abundant root traces and plant fragments. 
Lignite, woody. 
Claystone, very organic rich. Abundant plant material and root 
traces. 
Lignite. 
Clayey siltstone with root traces, plant fragments, small leaves, and 
a gradational Lower contact. 
1 
8 
7 
6 
5 
4 
3 
2 
2.50. (4.80) 
0.40 (2.30) 
0. 10 (1.90) 
0.45 (1.Boj·' 
0. 15 (1.35) 
0.50 C 1. 20) 
0.40 (0.70) 
0.30 C 0.30) 
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Sandstone, very fine-grained. Sharp lower contact, concretions 
throughout lower 0.3 m. Unit is massive or contains small-scale 
cress-bedding with organic material defining bedding. Contains thin 
discontinuous clay layers. Fines upward, clay content increases 
up.ard. Burrowing in upper 0.4 m. 
Claystone with few root traces and plant fragments. Blocky texture. 
Li ;ni te. 
Silty claystone containing root traces and abundant plant fragments 
with wet l preserved leaves. Shaley. 
Li sni te, woody. 
Claystone with root traces. slickensides, and abundant plant 
frGgments. 
Li;nite, woody. 
Claystone containing root traces and plant fragments. Base of unit 
nc: exposed. 
Measured Section K 
Located in SW 1/4, SE 1/4, NW 1/4, SW 1/4, section 
23, T. 153 N. ,: R. 99 W. Total thickness is 26.05 meters. 
Units 1-20 are interpreted to be of lacustrine origin. 
are part of the first lacustrine sequence (Ll) as 
They 
illustrated on figure 32. 
Unit 
21 
20 
19 
18 
17 
16 
15 
14 
13 
Thickness 
3.00 (26.05) 
0.50 (23.05) 
1.00 (22.55) 
0. 15 (21.55) 
1.35 (21.40) 
1.20 (20.05) 
1.50 (18.85) 
1.40 (17.35) 
0.70 (15.95) 
Cl'nker. Measured to top of hillslope. 
Asa. Associated with the burning of the Williston lignite bed. 
Clayey siltstone. Jarosite(?)-rich stringer running through middle 
of unit. 
si:tstone to very fine-grained sandstone. Sharp upper and lower 
ccr:tact. 
Claystone. Rare root traces, dark color, massive, slightly silty in 
sane horizons. 
Silty claystone. Poorly exposed. Gradational upper contact. 
Siltstone. Small·scale cross-bedding. Sandier in the lower portion, 
fining upward. 
Clsystone. Root traces, slickensides, gradational upper contact. 
Si.ty claystone with lignitic stringers. Planar laminated, root 
traces. Gradati onal upper contact, sharper lower contact. 
, 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
4.50 (15.25) 
0. 10 (10.75) 
o. 15 (10.65) 
0.55 (10.50) 
2.75 (9.95) 
0.20 (7.20) 
o. 15 (7.00) 
1.40 (6.85) 
1.00 (5.45) 
0.25 (4.45) 
0,60 (4.20) 
3.60 (3.60) 
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Claystone, somewhat silty in some areas. Massive. Root traces very 
rare. Abundant slickensides in top 0.5 meters. Becomes very dark 
due to increase in organic material. Possible paleosol development 
in upper part. 
Lignite. Poor quality, high elastic content, jarosite(?) present. 
Claystone with abundant root traces. 
Sandy siltstone with abundant root traces. Ripple and planar 
laminated. 
Sandstone (silty?). Disseminated organic material conrnon. Fines 
upward. Small-scale ripples. Root traces c0111110n. Gradational upper 
contact. 
Lignite. Jarosite(?) present. 
Carbonaceous siltstone. Planar laminated with gradational lower 
contact. 
Sandstone. Fining upwards. Root traces, especially toward the top. 
Organic rich toward top. Small-scale ripples defined by disseminated 
organic fragments. Flow direction to the SE. 
Siltstone. 10 cm thick claystone at base. Silt has root traces and 
well defined planar laminations. The claystone has slickensides. 
Gradational boundary between claystone and siltstone. Siltstone has 
sharp upper contact with overlying sandstone. 
Lignite, woody. 
Silty claystone. Silt content increases upward. Root traces 
abundant. Slickensides cofllllOn, 
Covered interval. 
Measured SeGtion L 
Located in SW 1/4, SW 1/4, NW 1/4, NW 1/4, section 
27, T. 153 N., R. 99 W. 
the base of the cliff. 
Started section from beach level at 
Total thickness 34.30 meters. All 
the units in this section are part of the first lacustrine 
sequence (Ll) as illustrated on figure 32. 
Unit Thickness 
28 3.70 (34.30) 
27 4.40 (30.60) 
Silty claystone. The ~pper 0,5 meters has abundant clinker fragments 
associated with the burning of the Williston lignite bed. Poorly 
exposed. 
Clayey sandstone. Fines upward to clayey siltstone. Thin ironstone 
(siderite) concretions within the 111it. 
1 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
1.75 (26.19) 
0.80 (24.44) 
1.50 (23.65) 
0.40 (22.15) 
1.10 (21.75) 
0.25 (20.65) 
0.40 (20.40) 
2.30 (20.00) 
0.70 (17.70) 
0.40 cn.ooi 
0.15 (16.60) 
0.40 (16.45) 
3.00 (16.0~) 
0.60 (13.05) 
0.20 (12.45) 
0.65 (12.25) 
1.90 (11.60) 
0.90 (9.70) 
0.40 (8.80) 
0.50 (8.40) 
0.60 (7.90) 
1. 10 (7.30) 
1. 10 (6.20) 
1.20 (5.10) 
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Claystone, slightly silty. Silt content increases towards the top. 
Sharp upper contact. Discontinuous ironstone (siderite) 
concretions. 
Clayey siltstone. Root traces and planar laminations. 
Clayey siltstone with interbedded silty claystones. 
Claystone, slightly silty. Gradational upper contact, planar 
laminations, rare root traces. 
Clayey siltstone. Rare root traces, poorly exposed. 
Carbonaceous claystone. 
Silty claystone. Root traces and plant fragments common. 
Clayey siltstone. Root traces and plant fragments common. A 10 cm 
carbonaceous approximately o:6 m from the base. 
Very fine-grained sandstone. Small-scale ripples, rare root traces, 
gradational upper contact. 
Claystone, slightly silty. 
nicely. Plant fragments. 
Horizontal and vertical root traces shown 
Sharp upper contact. 
Lignite. 
Claystone with abundant root traces and plant fragments. 
Sandy siltstone. Fining upward to clayey siltstone with lenses of 
cleaner sand. Small·scale ripples, plant fragments and root traces 
that become more abundant towards the top. 
Claystone. Abundant root traces, slightly silty in some places. 
Carbonaceous siltstone containing thin lignite stringers. 
Clayey siltstone. Poorly exposed. Root traces. 
Sandstone with root traces, small-scale cross-bedding, and planar 
laminations. Fining upwards. Gradational upper contact. 
Silty daystone, poorly exposed. Root traces. Sharply overlain by 
sandstone. 
Argillaceous limestone. Forms a relatively continuous horiion along 
the base of the available exposures. 
Claystone. Planar laminated, with silt defining the laminae. 
Clayey siltstone. 
upper contact. 
Sandstone. Sharp 
towards the top. 
Bivalve fragments 
Planar Laminat.ions, rare root traces, gradational 
upper and lower contact. Increased organic contact 
Small-scale ripples and planar laminations. 
found on the surface. 
Clayey siltstone. Sharp upper contact. Root traces. Fines upward. 
Siltstone. Planar laminated with some small-scale ripples. Rare 
root traces. Upper contact gradational over approximately 2 cm. 
, 
! 
2 0.40 (3.90) 
3.50 (3.50) 
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Silty claystone. Thin Lignite stringer in middle. Root traces rare. 
Upper c:rttact fairly sharp. 
Covered interval. Most likely silts and clays. 
, 
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